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PREFACE

The Buhne Spit/King Salmon area, located within Humboldt Ui

easterly of the entrance channel jetties of the bay, his h:
a serious erosion problem for the last decade. le
Department of Boating and Waterways, Beach ErosIon r-anhh.
was asked by Humboldt Bay Harbor, Recreation and Conservation
District to design a project to mitigate shorelinE wrc.'.
and reduce the shoaling of Fishermans Channel.

We have reviewed all prior reports written by the U. S. Ar(,
Corps of Engineers, historical literature, maps, and othEr
data collected in the vicinity of Buhne Spit. WE h.!,!'
compiled a data and information base that would cive us
insight into the environmental and climatological fac"or-
that have a direct affect on the shoreline erosion within the
area of study.

Presented in this design study is a compilaticn of the data
and information applicable to the Buhne Spit erosion arez
which aided our staff in the development of nume-rous
conceptual designs. These alternative designs were evziu-tF d
by a numerical process to pic!. what we feel is the nost. ost
efficient and least costly project to providE, shorc>*n,-
protection to the Buhne Spit erea for several dzcac.

Excellent assistance and technical infornatior, was obtainet
from the Humboldt County Department of Natural ReSourc -pA.d
the U. S. Army Corps of Engineers. Without thpir help. it
would have been necessary to collect additions! ergneerirt.
and environmentaldata which would have resulted in additional
design time and increased time to the proJect. We have also
received keen cooperation from the U. S. r,ny Corp c
Engineers who have agreed to place their channel cinterrcr-
dredge spoils within our project area to rebuild the spit to
its 1955 area.

ii
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ABSTRACT

The Department of Boating and Waterways along with the U. S.
Army Corps of Engineers have been studying the shoreline
problems along Buhne Spit in Humboldt Bay since the early
1960's. The results of our combined studies indicate that
there is a severe erosion problem on the spit with continuing
shoreline retreat. Without the construction of some type of
groin system o; other shore protection configuration
continued erosion is inevitable. Erosion has already
progressed to a point where Buhne Point Drive and extensive
underground public utilities are in immediate danger. A
permanent shore protection project must be constructed soon
if these facilities are to be preserved.

This design study investigates several combinations of shore
protection configurations that can be utilized to prevent
continuing erosion of Buhne Spit and recreate the spit to its
area in 1955.

A l00o-1400 foot groin constructed of H-Beam Pile with timber
lagging between the piles, a rock reveted bayward end and a
a 0 foot rock rubble-mound offshore breakwater with a sand
filled pocket is the least expensive and most cost
effective solutic, to the problem. This project, e-:cljsivc
of sand fill, will cost about $6409000. The project
inZIuding sand fill to form the protective beach is estimated
to cost about $1,700,000.

I The proposed project with groin and offshore breakwater is
considered to be Phase I of the project. Phase II of the
project, the filling of the groin pocket with sand would be
accomplished during the periodic maintenance dredging of
Humboldt Bay's navigation channels by the U. S. Army Corps of
Engineers. Subsequent lengthening of the groin after
monitoring the project through several winter storms would be
Fhase 11l. Construction funding for the project would be by
a conbination of State-Local or State-Local-Federal funds.

I

I
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BUHNE SPIT/KING SALMON SHORE PROTECTION PROJECT

PURPOSE AND APPROACH

The purpose of the Buhne Point/King Salmon Design Study "as
to devise a method for long-term control of erosion problems
which have eliminated Buhne Spit and which now threaten Buhne
Point Drive and the residences shoreward of the road in the

King Salmon area located on Humboldt Bay in Humboldt County.

As an initial phase of this design study, an analysis of the
alternative erosion control methods was conducted. The
approach to alternative design analysis included the
following steps:

a. Define the erosional problem on Buhne Spit by review
and analysi s of existing data and past reports.

b. Develop spucific goals and constraints as a basis

for analyzing and comparing alternative designs for
erosion protection.

C. Deteraine the functional effectiveness, advantages,
disdvantages and estimated cost for each alternative.

d. Compare the alternatives against the specific
project needs and selezt thE best method for long-
term erosion control.

DESIGN STUDY SCOPE

A total of twelve altern3ative beach Erosion control plans
were analyzed to determine their effectiveness and

acceptability in reducing erosion in the Buhne Spit/King
Salmon area. Preliminary screening was used to eliminate
less practical and costly plans. Four of the alternatives
met the functional, economic and environmental criteria when'
compared against specific project design goals and
colistraints. This final selection Enalysis determined th
alternative recommended for detailed engineering, final
design and future construction.

DESCRIPTION OF AREA

Buhne Point -is located anout 3 miles south of the City of
aityEurelka and is opposite the jettied entrance to Humboldt Bay.

King Salmon Harbor (Fisherman's Channel) was developed

shoreivard of RUhne Spit on what was previously a dredge spoil
area. The area is now a small fishing village,
campino/re-F-_- io site and a home for retired persons. The

highest point con Bthne Spit Shoal is about 8-10 feet above

the macn r lot j .ter dattm (MLLOI)

i-3-
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h.1 sr hzL a -egth ,o zbott 2,00 f-et nsu'°ed frnm the
.ct-re o" thc- shoal and thz! Fields Landr n Cnannel bayz.idc
c, Lizhn Point. The shore.ine between Buhae Poinz and the
Ell- River Spit is prote.cted b. stone revetment. Buhne Point
ri ye. the bayside boundary butween the shoal and King Salmon,

iS the main transportatio:i lin: to the area. .ha roac also

crries ;.ll the underg-ound utilities including the main
sanitary sewer line. The road has been protected by
emergency placement of rock along its entire length from
Buhne Point to the Fields Landing Channel. The existing rock
protection is inadequate and erosion and undermining of the
roadway continues.

The entrance to PG&E's cooling water intake channel
(Fisherman's Channel) is located southeasterly of King Salmon
Harbor where it confluences with the Fields Landing Channel.

The cooling water intake channel also serves as the harbor
entrance to Ling Salmon and is the berthing area for the
deeper dra.t bo:ts mt ored within/along the channel. Snoaling
caused by sand transport off Buhne Spit shoal has closed the
channel entrance numerous times during the past few years

blocking the =V.annel for boat entrance/exit and safe mooring.
This severe shoaling situation has also reduced the capacity
of the cooling water intake channel supplying PG&E's steam
pokler plant. Continuous dredging at the entrance and along
the channel has been the short-term solution to provide
adequate cooling water and access to King Salmon Harbor.

STATEMENT OF PROBLEM

Durinq the past decade the Buhne Spit shoal has eroded away

at an accelerated rate due to a redirection of the waves that
enter Humboldt Bay through the entrance chennel.
Modifications on the bayside of the south channel jetty have
generated an adJitional refracted wave train that commingles
with the main waves that are transmitted through the entrance

channel. Local observers believe that this modificatio- hi;s
shifted the focus of the waves southwesterly toward Buhne

Point from its prev2ous location northeast of PG&E's steam
power plant and along the Northwestern Pacific Railroad, thus
accelerating sand transport along the shoal and into Fields

Landing Channel as well as into PG&E's cooling water
intake/Fisherman 's Channel. The Department's assessment of
the present sand transport system at Buhne Spit shoal is that
tha prev/ious unri-.Fracted wo ve pattern within the bay carried
sE-diment a tlong the spit which formed a point bar shoal along
the navigation channel. The sediment eventually was
deposited t-,.n th- channel. The modification of the soDith1* ietty with~n the bay q!er.erated an additional wave pattern
that paas:-s thrc~jch- the main .- ve with a slight ch_.nqe in
directi:- . rotuLds ofF "he shcal and transports sand dirr-ctly

ir,ito the r.-.i n channel, ther, down the edge of the
channl n z F> , er ,a- Channel creating a nhoha.

!A
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During tr. L-.-2od from 1771 tc date, the shoal has eroded
awzy zott..r l'-J.; PLhi Pon Drivrf ir the Ki ng Salm~on
ar e.. Th o -.n. --: h.is I :r:-d *--l eet along the road ar. is
sfL~C.rEJ to thay ML..: VLh::iOn material along its entirF
length. -hT- it-, a e: _%,'a shoal betwe-en F'alibit Avenue
antd the shi , c:h,-nre thzat F ahoie O.8fn lc-ver lo,-w water. To
p;otec-t P.,-E: Pctr t D.- ivE a:,I the u'nder 1 yi ng utilities
(consistirc: oF water lines, nzotural gas lines and the main
Ianitary s.- 'ine) from destruction. Humboldt County has
-eveted ths zaisyid- of the road with large rocit. The
enmergenc, rc , revetment has. protected the roadway durirng
recent stcrms bL:t was not designed az a permanent structure
to withstr.nd large breaking wa.-es. Consequently, during all
subsequent severe storms, the revetment has been overtopped
by .aves. Smaller rocks fro-. the revetment have been carried
onto the roadway and cascaded into nearby homes, breaking
windows and causing minor structural damage. The revetment
has settled and also unravelled at numerous locations. Buhne
Point Road has been Undermined by wave wash-through and has
collapsed at nuM.,rous locaticnt. The -bove conditions have

created an extreme safety hazard during moderate large storm
wave conditions. It is a matter of time until one of the
large rocks on the revatment is dislodged and rolls/tumbles
onto the roadway, blocking access to King Salmon for
emergency vehicles and the public. The present condition can
only grow worse as thE remaining sand spit recedes
horizontally and vertically allowing larger and larger waves
to break turther up onto the- rock revetment.

PROPOSED PROJECT

The proposed project consists of a 1000 to 1400-foot groin
constructed of H-Beam Pilcs w-th timber lagging between the
pi les with a rock reveted taywprd end and a 40C-foot rock
rubble mcund offshore breakweter as shown on Figure 3. The
groin follo%.--. an alignment parallol to the Fields Landing
ChonnL 1rc2 thL southwest end of Buthne Point Drive near the
Snt rE:t Otin of Halibut Avenue. The offshore roct. rubble

mound breakwater will be constructed parallel to the shore
about 250 feet bayward of the intersection of Buhne Point
Road end Herring Avenue, extending northeasterly to the
Eureka Shipbt.ilders Incorporated/Pacific Gas and Electric
Compan~y cn.mmon, boundary line. The long groin will provide a

downcoast impervious barrier to reduce sand transport into
Fisfcrz-n's Channel/FG&E's cooling water intake channel and
at the same time accumulate sand to rebuild the shoal. The
offshore t'.,.-,atL-r will provide a sheltered region shoreward
of o ne '.-tuzLure that will reduce sand transport and biild

out a protEztivc. bea=h from Buhne Point Drive. Both
-trLtur.E' t .r- furnctinn as barriers to reta2n sand to build
out , c d pct t3vE- beach along the e':isting rock revetment
,.hirn p.r---]I l .. _ "' irt :yr 'i,.c. fhti groin pockets fored
,,. f t. .trL~tujet will be filled with sand and dredge

i -. fo,; thO U. S. Army Corps of Engineers .iarbc-
(T.. r~tC:,nr- dr dtr g. With the vse of these dredge spoilcV

I-7-
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and other imported sand buhne Spit r.an be r acnn- tr ct,-r, i.o

its area that existed in 1955.

This project is designed to restore Buhne Spit shn-v] to its

1955 area and provide an interinm project +or -hore prozezton
until the Corps of EngineErs constructs the project p: op rced

in House Document No. 282, 85th Congress, 2nd Session.

BENEFITS

The proposed groin and offshore breal,:Jater project and

anticipated dredge spoil sand from the U. S. Army Corps of

Engineers maintenance dredging from the Fields Landing

Channel will restore a protective/recreation beach on Buhne

Spit. The project will protect the adjacent recreation area

and residences along Buhne Point Drive from wave damage, and

maintain accessibility to the public, emergency vehicles and

county maintenance crews during severe high wave conditions.

Additionally, the project will protect the road and

underlying public utilities from wave damage due to the

extreme erosion of the low spit upon which they are lozated.

I
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CL IMATOLOGICAL FACTORS

j STORMS

he Pacific ULcean Eve!a in the vicir.aty of Humboldt Bay is
subject to storms accormpanle: by high waves during the winter
nonths. Datr- are available regarding the duration,
frequency or intensity cf storms from "Winds of California"
and "Wine Storms in California". Wind data contained in these
publicaticns indicate that wirds with velocities of 40 miles
per hour or greater generally occur from the southwest and
south. The greatest wind velocity of record is 56 miles per
hoar. Information furnished to USCE by local residents and
by officials of the Northwestern Pacific Railroad Company
indicates that, during sto,-ms occurring at the time of
high tides, waves break on and overtop the revetment
bordering the railroad right-of-way north of Buhne Point.
Also, at such times, wveB inundate and wash out sections of
Buhne Point Drive, the only access road to the King Salmon

area on ELhnp Spit. Such storms are reported to occur about
I0 times eich year. Although these storms cause no serious
structural damage: railroad officials state that railroad
oprrationF are suspended. on the average of about 4 hours
during each --torm, in order to clear the tracks of sand and
rocks depos.-ed by waves overtopping the existing structures.
Thus, railroad opf-rations are interrupted about 40 hours
ar.r ui.:;11 ;..

ITIDAL DATA

Tidal data obtained at the ncrth 1etty of Humboldt Bay,
wl hich are considered to be representative of tidal conditions
in the study area, arE sammarized below. The data,
abstracted from National O:.ezn Surveys publications, Tidal
Bench Mark. Part 1, Northern California. are based on 11 1/2
months of automatic tide-gaging records (October 1940 to
March 1941 and June to December 1962) reduced Lo mean
values. Unless otherwise noted, elevations in this reportJ refer to th& plane of mean iower low water IMLLW).

TIDAL DATA, NORTH JETTY, HUMBOLDT BAY

Feet (MLLW) Feet (NGVD)
Lstimated Hignest Water Level 9.50 6.16

H -igher Hligh Water 6.7C 3.6
le.r, High Water 6. 00 2.66

N , n ride Level 3. 6' 0.26
MLa 7

, Sea Level (NG.'D' 3. q 0.00
Mcac, Low Water .2')" -2. 14
e.a-7 Lower Lom.I,: ,ter O. (;:0 -3.34

S.- a-.!X -6.34

I
! I
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WINDS

Wird char _tc.-stics ir the !:uhne Point area were assumo- to
De simiIar Lc those for tte-.' -ity of Eureka, fo- which wjind
records a.-e avi able. rata obtaired by the U-ited States
Wath.r P-urE.v stitior. at Etr-:l.a cove-ring thL- period July
I19 tc D-ice;,ber 1?42 : irz at trie E-umboldt Bay Power Plant
from Jariuarzy 1966 to Dezer.be 1966 were used to prepare the
wind diaq.:.mn shoWn on PI-te I The available data indicate
that durir, the greater pa-t of the year the prevailing winds
are from, the north and northwest and have velocities ranging
from 4 tc. 15 miles per houtr. However, the climatological
summary given on Table I indicates that the prevailing

direction of the wind shifts seasonally.

TABLE 1

MONTHLY AVERAGE AND MAXIMUM WINDS

MONTH MEAN1 WIND SPEED PREVAILING MAXIMUM WIND SPEED
(MPH) DIRECTION (MPH) DIRECTION

JAN 6.9 SE 54 S
FED 7.2 SE 48 Sw
MAR 7.6 N 48 SW
APR 8.0 N 49 N
MAY 7.9 N 40 NW
JUN 7.4 N 39 NW
JUL 6.8 M 35 N
AU3 5.8 JW 34 N
SEP 5.5 N 44 N
OCT 5.6 N 56 SW
NOV 6.0 SE 43 S
DEC 6.4 SE 56 S
ANNUAL 6.8 N 56 SW

LENGTH OF
RECORD (YRS) 54 54 67 67

WAVES

No statistical data are available for wave conditions,ithin Humboldt Bay. Insofar as wind waves within the bay
are concerned, the critical direction of wave approach in
the problem area is from the southwest, for which direction
the fetch is n8X>imu,.. Based on the maximum wind record from
this direction (56 miles per hour) and the assumption that
the duration of the wind was sufficient for maximum wind
t.-a.'e gener.tion, it is E-stimated that the maximum wind

W-.ves gcr,-atvcd would have had a significant height of
.'bfut 3 pe't znd a period of 3 seconds. Based on the
-i toric.-] I 6cord, wind waves of this height arm rare
oLciirre 7 -. ., . ev-r. the area under investiqation is
e..pose to '--cv- generat-d Jr, the Pacific Ocean that enter
th . bay th:-r on th, ;ettied entranc'e. The rel ative
Sal gnnert ,.,f tA- t.:rare and the eastern shr,-e of the bay

-11-



is such, that all i aves entering the b'? impinge on the shore
in thE study area. Although the sea.,iard end of the jettied
entrance is exposed tc high waves, the height of waves
reaching the eastern shore is controlled by the available
depth of water over the two shoal areas near the bayward end
of the jetties and by the shallow water in the study area. At
extreme high tide (9.5 feet above mean lower low water), the
controlling depth over the shoals near the jetties is about
25 feet. Thus, only waves of about 18 feet or less in

height can enter the bay without breaking on the shoal.
Entering waves less than 18 feet would cross the bay and
break at varying distances from the shoreline, depending
upon their initial height. (For example, neglecting the
effect of refraction and diffraction, a 15 foot wave would
break at about the 10 foot depth contour during a 9.5 foot
high tide.) After breaking, the wave would reform and
continue on to shore. Local residents report that waves
about 6 feet high brAeak directly on shore in the problem area
when high waves enter the bay at high tide. Wave analysis
made by USCE in connection with their previous report also
indicate that breakers 6 feet high can reach shore.

INW ItThIN DAY. USCE used available aerial photographs of
waves entering the bay to show that the waves diffract and
fan out so that the wave crests increase in length with
increasing distance from the bayward end of the entrance
channel. Measurements made from aerial photographs tat-en by
LISCE during the occurrences of high waves in the PaCific
Ocean and at times when waves were breaking upon the shoal
area near the jetties indicate that the wave length averaged
about 80 feet at a point about 2,400 feet from the BuhnE r
Point shore at a water depth of 10 feet. The effective
period of these waves would be about 5-seconds. Aerial
photographs also show that waves impinge on Buhne Point in a
manner likely to cause littoral movement both to the north
and to the south of the point. Typical wave patterns within
the bay approaching Buhne Spit transferred from historical
aerial photographs are shown on Figure 4.

opioR HAES. A study of wave action in the vicinity of
.the Humboldt Bay jettiew was made by the USCE for a survey
report "Humboldt Bay-1950" using refraction diagrams. The
characteristics of the waves used for the diagrams were for
.gwave. occurring most frequently as shown in the Scripps
Institution of Oceanography "Wave Report No. 68". The I
diagrams were constructed for existing conditions of the
bar seaward of the jetties and assumed a condition in
which the depths over the bar and areas adjacent to it were
increased to 40 feet. Their refraction diagrams indicated
that, for 1950 conditions, waves were affected by the se .wz'ro
submarine slope of thc bar which caused some convergerce to
occur before the waves reached and/or passed over the bar
crest. The crest of the bar produced additional convergencc
so that waves either broke on the bar or advanced toward the

Ijettied entrance cornsiderably' higher than wavez in compa~sbI

-12-



L~end-;_08 METERS

20 6 :106 ME 1ERS:

3 T 4ME TES

8TO 3 MTERS
To02 ME TERS

2$ 5

[ MTER)

All Yeats

FREQUENCY DISTRIBUTION ROSE
STATION 2. 1951-1974 COMBINED SEA/SWELL

1.289,~ tA "' 0

SOUTHWEST WINOS4
RIETURN PERIOD(YEARS)

_FASTEST MILE
YEARS 25 50 

6

__245 2.56 2 65
T _ 2 _9_.4 9 N

31%

BUHNE SPIT/KING SALMON. '

W I

JULY1I93S-DE
jam t9"

ARMI



6 %TRs ~~
o ME TE"s

1 * MTE(

SWELL

0 .2 2?ft

0 c 35 h,, Z

z 3:
/ ,45.Li

> - Legenid WindSpeed x

-- 

x

SPIT/ KING SALMON \taw- ,1 0'~ U.* "

L.OCAL WINO WAVES -- ~
'.CTION,HEIGHT B PERIOD to

WIND rREQUENCY Ii
DlS7ftiVa~lQd AOSW

JULY 1939-OEC1,42UfiC *EATHqCaLUflCM gTA

J*i~eeDC ~Y~tOD~avP PLATE I -



P6 v:c-a ,nr-ii f o c . i e tiu: 1r ti. oI C-:5 t-- V
n t-t., st 1*': 1 te:-,c. to pr chd.c- ,pzoaA I Jft) t % . i -f.t I Iong
thv SOuth &.,. n-orth spits.

U!, ..'ss 1. tr a t._ight of IC, fee.t or g-eata,:-. Lnzn .:..
frequerti1 v in the Pacific Ocea.rn in the -cir.lty of H.bldt

Bay, ha .e an. average period of 9 seconds. th pe.-ioj

over the bar, assumed as 20 feet, ha-s little effect or. the
Wave height so that the effect of refraction determinen the
height of waves seaward of the jetties. Waves hving a
period of from 12 seconds to 16 seconds are increased in
height froz 15 percent to 30 percent, respectively, by the
bar. This inrease is in addition to the effect of USCE's
comparis ons of the refraction diagrams constructed for
conditions e,:isting during their survey report study period
with those drawn for an assumed depth of 40 feet over the
bar and indicated that no appreciatle reduction in the
height nf 9 second waves would occur with an in:rease :n
depLh over the bar. The reason or this assumption. by
USCE is that the seaward slope of the bar, in depths

greater than 40 feet,caused wave convergence before the 40
foot depth is reached. However, the increase in depth
wo.ld psrmit practically all 9 second waves from the

northwest and the west to pass over the bar without
breal'ing. Present depths over the bar cause no:-thwest waves
and west w.ves to break when the deep-water wave height is

t out 12 to 15 -eet. For waves with periods of !2 se;no.h- or
q- s er. th. USCE comparison indicated that a ba~r depth of
4t., feet ,CL!d result in a decrease in wave height in the
vicinity of the entrance channel. For example. a 12 second
wzve from tho rorthwest break:s on the bar whern the deep-
wat e, wave height is about 9 feet or greater. When the depth
C--a r the bar is increased to 40 feet, 12 se-:onrd nortwestI wa.'E-5 do not break on the bar. USCE indicated that thsse
w.es are redj-ced in height about 12 percent at the bar and
about 7 percent near the jetties.

WAVE STATISTICS. The Department of Boating nrid Waterways h.3
compiled wave statistics from the California Coastal Data

Program (CCDP). Humboldt Bay wave rider (Inner) buoy and the
Lalifornia Deep-Water 'Aave Statistics (S-atirxn 2: (CDLJS) to
c-oc)re the occurrence and frequency of ocean waves near the

entraoce t-3 Humboldt BaV 9s shown in Table 2. The California

CIastal Deta Frogra, buoy was in operation fo- 15 months arid
car only be used for a general comparison against the 25 year
record of the deep-tiater statistics. CCDP indicated that,

2. 'i o the tir:p waves with z signifiL-nt heighti of 4 - feet1CCU.-re-, comp. rd with CDWS ,.hpre we,.e_ wi": .igni ricnt
.-ight of 4.9--6.6h fe Lt occurred 27. '

/ 5f -he timc. The ma3or
-z t ,t -c . nd betweer. peri c . :; E , - e:ond,

2 pEr7er-t c!f h. ti me. Thess w-tv ;. .,r, . 1.vo_;i. tre

Snport R A *-.vin-,. of te wevt it-.ticd cLiil--d

Ofs -/ C xpi im



TABLE 2

CALIFORNIA COASTAL DATA PROGRAM

Humboldt Bay Wave Rider (Iner)

Nkmber OF Days in Month That Significant Wave Height : 18-Feet
Wave Height- - Total

YEAR 1981 YEAR 1982 Occ's
(Feet) -JAN FEB MAR APR MAY JUN JUL AUG OCT NOV JAN FEB MAR APR MAY (Days)

18+ 3-- ----- - I - ---- 4
16-18' 2 --------------- -- 2 4
14-16 3 1 2 - ------ - 4 2 - - 16
12-14 1 2 4 2 1 2 3 3 3 1 1 23
10-12 5 2 9 3 1 - - I 4 4 1 6 4 5 46
8-10 1 4 6 7 5 2 4 -- 5 4 4 2 4 4 5 57
6-8 2 6 4 11 6 5 10 8 5 7 2 1 4 7 9 87
4-6 0 5 3 5 11 12 9 13 12 2 2 2 3 9 5 9]
2-4 0 3 0 2 7 7 6 10 4 1 1 1 1 3 6 52
0-2 14 5 3 0 1 2 2 - I 0*0S - I o 0 29

Total 31 28 31 30 31 30 31 51 31 25 2., 1 24 30 Si 41!
* Gage not recording part of month

DEEP-WATER WAVE STATISTICS
of the

CALIFORNIA COAST--STATION 2
January 1951-1974

PERIOD FREQUENCY OF OCCURRENCE DISTRIBUTION
COMBINED SEA/SWELL

WAVE PEROID TOTAL
(Seconds) 4-6 6-8 8-10 l0-12 12-14 14 lb 16 U O 'S

WAVE HEIGHT
(Feet)

2:3.0- +2 1 2 - 14
19.7-23.0 - 17 2 19
16.4-19.7 - - 9 LO 5 2 64
1!.1-16.4 - 112 7 17 3 140
9.8-13.1 - 114 :!(, 8 2 5 5 4u 2
8.2-09.8 - 289 34 38 28 1 6 394
6.6-08.2 13 493 107 37 41 14 31 726
4.9-06.6 372 499 155 87 64 62 38 1257
3.3-04.9 934 329 169 121 10U 147 21 1909
1.6-03.3 683 231 i1. II 27o 5S 4 1469
v.0-01.6 10 75 31 26 65 15 3 215
TOTAL 2012 2031 942 512 701) 314 96 660/

-16-



by Marine Consultants (MC) for- the s stati on as C!'W3

indicated wEves with a significant height between I to 4.9
feet occur.-ed 6(-% of the ti, m. Table 3 belcw compares the
Cnr -

• 
statistical basvs for offshorE deep-wrater comb ned

~c's&l 1wiv\es _;n the ,c--n: ty- of HLumJldt L,

TABLE 3

DEEP-WATER WAVE STATISTICS COMPARISON

COMBINED SEA/SWELL
Occurrence percent of time

HEIGHT CDWS CCDP MC
(Feet)

0-2 7.0 7.1 27.2
2-4 15.2: 12.7 24.5
4-6 25.8 22.6 18.5
6-8 23.2 21.2 10.1

C- 8.5 13 . 6.0

The above comparison indicattes that the CDWS and CCDF have

very close correlation with wave heights between 0 to 6 feet
and that tt-e MC statistical data for combined sea/swell does
not compare to CDWS or CC;DP untiI the 8 to 10 foot wave
height. This would indicate that CDWS and CCDP should be
Used for sediiment transport within the nay. assuminQ that
theise waves b:oL,! pass throgh the Jetties and reach Buhne
Spit without brakt.ro 'offshore and reforr-irQ.

i
I
I
!
I
I
I
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IENVIRONMENTAL FACTORS WITHIN THE BUHNE POINT AREA

GEOMORPHOLOSY

I'.he areS adjacent to Bunn -'oint is compo-ec: ot allUViUL-
f lled valley floors between ridges of Pl.iocene-Pleistc-ze e
mr'ine sediments. Inland and east of Buhne Point are roc s of
-he Franciscan formation. The bluff area at EBLhne poirt is
part of the Pliocene-Pl eistccene marine deposits and is
composed of interbedded layers of medium and fine-graineb,
reddish to buff-colored sandstone, blue clay (Mud-rock) and
gra.vel. The rterial comprising the bluff is relatively soft
and, pricr tc the construction of the PG&E's rock revetment
along the bs a of the bluff, tas easily eroded by wave action.
The adjacent low land to the north and east of the bluff atI :hne Prirt is peaty silt underlain by sandy silts and cav
t- a depth av-.raging about 10 feet be!ow mean lcwer 1o.
-a...ater. The bluff at Buhne Point is probably the last
-E mra -t of a more extensive series of beds, which once

e;:tended over the area.

j :14 sandy spits are located in the vicinity of Buhne Point.
The Elk River Spit at the northern end of the area is
composed of fire, cohesionless, gray sand with a trace of
shell. Additionally, snall rounded gravel is also found on
El i River Spot. Thz! spit has an average height of abc-r; 17
fnet above me -n 31c::er L o:.j water. Buhn: Eit, located Zt the
southern endi o, the ar-e, projects from shore at the
-outhWestern e;,,' Jf Buhne Point. The surface material of the
spit consin.ts of coarse to fine sand, gray to black in color!
.:Ith a tr-ace of -hell. uein Spit has an average height cf

16 abo mean lowe- low water. Over the pe7-icid of
rerrcrd, hct!-, E.uhne Spit and Elk River Spit have undergone
Torsiderable rhange with respect to location. Details
Seqsrd ng ch,-nges in the location of the spit are gi,-.cn in
the section c-f this report headed "EROSION DUHNE SPIT and
snown on Plates II and III.

I o naterias obtained in connection with tha USCE
indicate that the botto. material in the study

area tonssts generally of cohesionless, gray to blac#:-
cc.-ored sand. ranging in size from very fine to medium. r

c.f the juncture of Buhne Point and Buhne Spit,
Si composed of bluish clay. clayey silt,

I:znd o;-ganic maer-al.

Ab



WINDBORNE TRANSPORT OF BEACH MATERIAL

There is no evidence of extensive &indoo-ne mranr.port c.,
beach material in the study area. Hoiw.-ver, durinq stro. J
north-:erly and northweste-rly wind~s. it ,as beer n: scr.,ed thaL
movement of sand ozcurs from tIe north spit in-c. tr.:, jettied
entrsnce channel nea" the root o thp north jetty. The amount
of sand moved in this manner is unlnov.n.

CHARACTERISTICS OF LITTORAL MATERIAL

Samples of shore and bottom materials were obtained by USCE
from the Buhne Spit-Elk River Spit area at locations shown on
Figure 2 in Appendix 2 of their Buhne Point Study 1156 (EPS).
Shore samples were taken at midtide level, approximately Z.5
feet above mean lower low water, and bottom samples were
taken in depths of 6 feet below mean lower low water. The
samples were analyzed for grain size. Details of the
analyses are contained in BPS appendix 2.

USCE found that the shore materials consisted of grayish-
black colored, fine and medium sands, with median diameters
ranging from 0.20 millimeter to 1.40 millimeters and sorting
coefficients ranging from 1.24 to 3.34. The bottom samples I
were also grayish-black in color and consisted principally of
fine sand having median diameters ranging from 0.22 to 0.25
millimeter and sorting coefficients ranging from 0.21 to 1.31.
Of fcjr bottom samples taken, I consisted of a sandy silt or
clay w.ith a median diameter and sorting coefficient o 0.017
and 3.74, respectively.

SLIBSURFACE MATERIALS

For the USCE's Buhne Point Study, 1 boring was made ir. the
Buhne Foint area to a depth of 34 feet below mean lower Iot1
water at the location shown on Figure 2 in Appendix 2. The |
boring indicates that the problem area was underlain by a
4.5 foot layer of sand, silt, and loose sand and gravel
extending to a depth of about 3 feet above mean lower low
water. Below this elevation, the subsurface material
consists of a gumbolike clay extending to 9 feet below mean
lower low water. Additional borings were taken by USCE alonc
the Fields Landing Channel in July 1974 for their "Navioation I
Channel Implementations Study" and indicates a gray silty
clay at a depth of 29.5 feet MLLW. A comparison of the two
borinct confirms the presence of a sandy silty clay below any I
renaining sand on Buhne Spit.

SOURCES OF LITTORAL MATERIAL

USCE has identified five possible sources vi jittora.
materiaI availabl to the present shore in the -.tL'd ar-. I

-20-



I
S CsCUrceS I, ,e: (a. c:0 br.oD i,;g thr bi. 0y

rit.'Jtary strea.s: kb) m,-teri --1 { t. withi- Hir-t..1(!t Ba', -dz.
V-? -i 1 -bIe by scotring action cf currer[tF. ind w=-:m on the

b P r!:s and channels and on -hoals and shal 1 o:.-btt. areas;
() 1.tmo-zan material frc.m the Pac Fic Ocean ce-o ite in the

c.nne s D, w-ave, tidal curre. o id.()m~r
-aredge. from project charnelsz ,rid duzmpec in the by; and (e)
imaterial ercdpd from the Buhne Fir.t area. Due to th= ra-tUreI oX th- tributary drainage areas and the size cf the streams
ente-ing Huboldt Bay, the amount of sediment carried by
streams is considered insignificart and will not be
considered as a source for beach nourishment

In the Buhne Point area, marked changes have occurred in the
shallow-water area between Buhne Spit and Elk River
Spit. For the period 1911 to 1955, the net change in the
shallow-water area has been erosion. Within the limits
covered by the USCE 1955 survey, it was estimated that

2,107,000 cubic yards of bottom material below mean lowe;- low
'ater were eroded during th2s period. Some of this material
may have been carried to shore by wave action and tidal

currents.

LITTORAL TRANSPORT. Material derived from littoral transport
along the Pacific Ocean shoreline may be deposited within the
Day by waves, tidal currents, or winds. Based on studies made
by USCE in connection with navigazion improvements of
Hjmboldt Bay, it appears that the p-edominant direction of

a littcral transport alony the Pacific Ocean shoreline is from
.no-th to South. The net rate of transport is not known.
H_- Evr, the relative stability of the Humboldt Bay bar and
of the shoreline of the South Spit seems to indicate a fairly
constant supply of sand from littoral sources. Therefore, it

is possible titat littoral material deposited in the vicinity
of the entrance channel is rEdeposited ultimately on the bar
or moves past thm jettied entrance.

BUHNE SPIT NOURISHMENT. Prio.- to 15,50, material derivod froff

maintenance dredging of the Humboldt Bay project channels was
dumped within the limits of the Bay. As determined from
available dredging maos, the principal dump areas were: (a)

Jeep water at the b&'.ward end of the entranze channel; (b) a
deep water area wast of the northern end of Fields Landing
Channel; and (c) deep wzter near Fairhaven, in what is now
pert of North Bay :hannel. Before 1915, no dredged material

-is dutmped in the bzy. Between 1915 and 1949, inclusively,
-S estimated that 2,711,000 cubic yards of dredge spoil

S i-.Tprd in tl-e b.,,. Since 195C, all dredge sp'il material
: er.n deposited in the Pacific Ocean in deeo water south

'if t-,e bar and entrance chann.1.

i -21 -
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Betie~fn 1854 and 1952. it has been estir-'ted by t2. th:<,
4, 700, 000 cubic yards of material were eroded fro.--. t-,c Eoi r-
Spit area. TablIe 4 ~jvcthe loss above elevationrI
(MLLW) , that occurred f or cer tzsirn i nt erva)s dL'-i nq t he c Cd
of record.

TABLE 4
EROSION AT BUHNE POINT AREA HUMBOLDT BAY

Above Elevation +-6.0 Feet (MLLW)

Per iod Years Amount A--r--
Annoja
Rat e

1854-1911 57 1,850,000 -,,
1911-1930 20 650, 000 3 2.5:)
1930-1946 16 1, 470,000 92, oo.
1946-1952 1/ 6 780, 000 130(, 000
1854-1952 99 4. 750,0(00 13. Or:'

I/ Erosion during period 1946-52 based in part on a Sua.Ve',
made in June 1955. iowever, the 1955 survey is considcret to
represent 1952 conditions at the point because the revetmo-t.
now protecting the shore. was constrUCted in 1952.

EROSION AUBNE SPIT

The Department of Boating and Waterways has compiled
Photographs for the period 1949 through 1980 and transfo-rr-'

the interpreted high- water line to a bas2 map shown or- Fl-t-7-
11 to determine the area of the spit boi'nded by the pr-sert
development at King Salmon. The area of the soit in 1940 twam.
abcut 25 acres, increasing to about 29 acres in 1956, i.nd -. ,s
assuned to reach zero in the spring cf 1982. There t-.aZ Za
uniformr rate of erosion on the spit from 1961 until 19-9.
The annual erosion rate was about 14,000 c..4bic yards per
year. During this pe-icd the beach face eroded at a rate o!~
about 27 feet per year. The average rate of erosion of the
beach face from 194E through 1980 was about 25 feet per year.
The offshore profiles al-ong USCE profile line NO. 15 indicate

that only the sand fill area has suffered appreciable
erosion. The offshore beyond the sand fill has maintainetd a
fairly uniform elevation during the entire period, indiatin
very little erosion of the cayey material. Somed SCArjMr
has occurred along the rock revetment paralleling Buhn FrOint
Drive.

TRIBUTARY DRAINAGE

The d-aenage ara tatr ar' to HUboldt ma', s n on 225

q -qare miles in e>tert. The pr incipal stv-e-msr-~~ r Ur
bay bet..ean Eureka a a t he south borly by tle-, e:. .
Elk Riv'er and Salmon Cmen. The rh have oz, ti-age t i 4 t

-22-
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AERIAL PHOTOGRAPHY

AGENCY DATE PHOTO NO.

U.S.C.E. DEC. 1939 -

TELEDYNE NOV. 6 , 1941 7490- 720
UIS.C.E. DEC. 23, 1941 CVL- 5B
U.S.C.E. FEB. 8 , 1942 P14 - 52 l
HUMBOLDT CO. JUNE 22, 1948 CDF2-14-80
U.S.(.S. DEC. 23 1956 QUAD MAP
HUMBOLDT CO. AUG. 1962 HCN-2-7-118
U.S.C.E. DEC. 19 , 1962 HH7-4
D.W. R . MAY 14 1970 76-8-58

D.N.O.D. DEC. 19 ,1976 AFU- C- 124
AIR DATA SYSTEMS JUNE 6, 1979
AIR DATASYSTEMS MARCH 24 ,1980 23-124
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LI
rd r,, r- ... t .1 t ' Er C e

t th o t.. J:. p.Rr t c s r q d -ow;th t ,,mb -r . , - V.d= _- , :.11, , - -.

L rc,+f, E!i Si.var is s C1 :,, ab !e to brea L.i ot .,h Eli ':iv..r
5)',. St-. rJ _-%te pt-s, i z been mz.d' J. prc...-.!- A channel

- rras EI; R- ev r Spit t._,t the ri.ver has ro- beer, -abli. to
maintain . uLtb E. channel. Tn ; s lack of sediment transpcrt by
the two major -ibutary st,'iams confluenzing with lumboldt
E a': does rot provide sufiaient beach nourishment to sustain

the sand bar ar.d protective beaches in the Buhne Point to Elk
River stretch of bayfront. The major beach nourishment
material i_. transported into the bay through the jettied

entranc a= oss the navigtion channels and onto thr ba-.
The Corps of Engineers present maintenance dredging program
which dredges the main navigation channels within the bay and
deposits thp dredce spoil at a deep ocean site has furtner
depleted an-y beach nCurishment material available to the the
Luhr.e Spit arei.

MAPS

IThe mzs -sed in the prepa~ration of th-'s reotinclude thekhps reportinli h

latest anc thO historiCal editions of t.1 e Nat ial Ocean
Survey Chart .o. 18622 ; the U. S. Geolog.cal Survey qLzd-
rangle sheets for Eureka, rerndale and Fnrtuna:and Corps o4

,gineers cc,rviiticn S.rvey maps of H_!.rtc 't Ina. I, s:dition,
,= was mi.de o4 Lerial phntoc-iphs t,0 en by vprrious fereral

Er-d state eian -:. 9L for the years 19X thfo, 982. Tee

&-r; al ph.t-graphs are on f i ! e in the Humboldt Courty
Environmenta: Center. Maps wa-re also prepared by th Depart-
rnt of Boatinc and Waterways to accompany this report.

SHORE OWNERSHIP

The entire Buhue Point area is privately Dn -d. Bjhr. • .pit
has been deselr.ped as a fishing resort kncwn as .no Salmon
Pesort. N_- bpthinc beaches are involved within the proposed
project rL.a but the spit 2s utilized for sport fishing and
clamming. Thzz project area is presently owne in tec by the
EUreka, Shipbul2ders Inc. and title to the pro~pE:rty is in the

process of b.ziarg transferred to the Humboldt L' y Harbor,
Recreat o-: and Conservation Distrizt. Thic rope-ty llne of
the Eure4-= Shuibuilders holdings is delineated or the plan

-,Iew of 'he pruject area on Plate IT and is desicn ted P/L.

I
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IBUHNE POINT/KING SALMON SHORE PROTECTION PROJECT

ENGINEERING DESIGN CRITERIA

The di~ign of the -ubble-roLnd struct-res in this
project - breatrwaters, seawalls, and groins - was done in

accordance with procedures. tables, charts and criteria
contained in the U.S. Army Corps of Engineers, SHORE
PROTECTION MANUAL, Volumes 1,11 and II1 dated 1977, (SPM).
which was developed b,, their Coastal Engineering Research
Center. The design wave selected was the largest wave
possible that could breal. on the structure as determined by

the still water depth (ds) at the toe of the structure. The
design tidal stage is the estimated maximum high water level,
which is +9.5 feet MLLW. The depth of the toe of the
structure varies in the various structures. The average
depth of the toe of the 400' offshore breakwater is - .7'

(MLLW) which will produce a still water depth of 13.2'. The
average depth of the tce of the 2000' seawall varies from

+0.0 feet at the south end to -1.5 feet MLLW at the northerly
end, resulting in still water depths of 9.5' and 11.0'
respectively. The depth of the toe of the outboard end of
the groins is about -2.5' to -3.5' MLLW. The larger waves in
this area have a period (T) of 8 to 14 seconds and a design

wave pericd of 9 seconds was selected as explained in
the section on Waves.

OFFSHORE BREAKWATER STRUCTURE: With d = 13' and T = 9 sec
2 2 s 2

d /gT =13/32.2 (9) =0.00498, from Fig 7-4 with d /gT =0.005
s F
and n = 0.0!; H /d =0.78, so H = 0.85 x 13' = 11.0'Ib s b
But with T = 14 sec , Hb/ds = 0.87 end Hb = 11.3'
So a desig~n wave height of 11 .5' WPs selected for the
offshore structures. Using equation 7-110 from SPM to
d;termine the nominal weight of the armo!r stone gives:

33

W = H /K (S -1) Cot 0 = 12.724# or 6 Tons[r D r
for a KD of 2.5 which anticipates that no damage would result
from the design wave. These wave heights and rock sizes

correspond very closely with the determinations of the Corps
of Engineers it, their Beach Erosion Control Report for
Hurbo'dt Bay (B'ihr' Poirt) dated 5 October 1956.

I
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A t~p elevation of 7.0' was selected for the breakwater to
enable it to practically eliminate any waves occurring at Mean
High Tide and to substantially reduce any waves which night
occur very rarely at the estimated highest water level of
9.5'. With a still water level of +6.0 feet MLL14 the still

water depth,d , is

s
d = 6.0 + 3.7 9.7' and h = 7.0 + 3.7 = 10.7'

s
Using a 1:2 slope on the breakwater and a top thickness. b,
of 12.0' will give b/h=12/10.7=1.12 and h/ds=10.7/9.7=1.104;
with ds/gT2 = 9.7/32.2 (9)2 = 0.0037, so interpolating from
figure 7-40 & 7-41 gives Ht/Hi - 0.307, or Ht = 0.307 Hi
which results in approx. 90% reduction of wave energy. With
a still water level of 9.5', ds = 13.2, so ds / gT2 =

0.00506, and h/ds = 10.7 / 13.2 = 0.8106, so Ht = 0.575 Hi
which results in approx. 66% reduction of the wave energy.
The breakwater was placed about 250' offshore so it would be
far enough from the shore tc allow sand to accumulate behind
it but not far enough to allow the waves to reform after they
have broken over it.

RUBBLE-MOdUND SEAWALL: For the seawall the ds varies from
1.0' to 9.5'. With m = 0.02, a ds = 12.0' would produce
ds/gT2 0.004, and from Fig. 7-4 Hb = 0.94 ds = 10.34'.
For ds 9.5, Hb = 9.0'. Using equation 7-110 from the SPM
again would indicate rock sizes of 5.0 Ton to 3.0 Ton with a

K of 2.5.
D

Wave run-up was checked to determine the design height of the
wall using ds= 11.0', m= 0.02, T= 9.0 sec, and Hb= 10.3';
so HbI/gT2 = 0.00395 and from Fig 7-5 Hb/Ho! = 1.2 which
gives Ho! 8.6', Ho!/gT2 = 0.0033, and ds/Ho! = 1.28.
Using Cot 0 = 2 ( 2:1 slope on the face of the seawall) and
interpolating between Fig. 7-10 and 7-11 will result in
R/Ho!=2.9 for a smooth surface. Therefore Rs=2.9 x 8.6=25.3'
or Rr = 0.55 x 25.3 = 13.9'. This indicates run-up to

elevation. 9.5 + 13.9 = 23.4' MLLW. Which is way above
street level so run-up is rechecked using the composite slope
method with a seawall to elev. 18.0' with a 10' wide top and
a 2:1 slope.

2
Then H =8.6, H /gT 0.0033.

!a, o! 2J

and H IL = 2 (H /gT ) = 6.28 (0.0033) = 0.0207,
o o a 2

then from Fig 7-3 H =1.19 H =10.2', and H /gT =0.00392.
b o b

From Fig 7-2 d /H = 1.15 so d = 1.15 Y 10.2 = 11.73'
b b b

and X = (11.73 - 11.0)/0.02 = 36.5'
b

Then X=36.5+39+10=85.5, and Y=11.73+8.5=20.23, and Cot 0=4.23
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" i, t, !: - - .*'7 E' !- TE . 1 . -rouf. Fig 7-10 7--li F:/Ho -I.73
1.7x ,.f . .'2 whct V wotl d inicic te run-up

t -- E .5 !7.!' ir thr very warst cor, !itions. So
lr . 19.0' 1 ron_,idered h,h enrrugh tor this eeslgn.

RUBBLE-MOUND GROINS: Wit- F na:imLm ds = 17' fc- the groins

in,, a T= 1 sez. ds/gT2= 0.0C,46 and fron Fig 7-4 Hbids= 0.85

m = 0.(1. So Hb will .'ary from 11.0 to 9.4'. Us:ng

e euation 7-1!0 from the SPII again but using Kd = 4.0 will

prodLIce . rcz size of 3.5 Tons to 2.2 Tons for the armour
sto.-e. The 2:! slope would be used for 591 at the offshore

end of th a!-on with a I. 5: 1 slope on the rest of the

length. It was anticipatea that the protective sand beach

would be built up to elev +10.0' MLLW so the top of the groin

was set for +12.(-'I MLLW.

H-PILE WITH WOOD LAGGING GROIN: It is anticipated that the
top of the sand fill upcoast of the groin would be elev.I -0.0" o:,;. The elev of the existing ground downcoast of the
_-oin \'aries froT. 1.0 to -2.5' PiLL14 So the height of ret.?nrjed

materia' would be 10 to 12 feet. General guidelines for

cantilver sheat piles in fairly loose granular material call
for a dezth of penetration +or the pile of 1.3 to 1.5 times
the height c!- retained material. Using a iactor of 1.5 would
gi.,e a Pec- tr.Atin length of 15 to I8 feet or a pile tir elev
of -15 t! -2*," 'LLW. For H-Beam piles with timber lagging,

the penet,-tion factor is increased to 2.0 which produces a
netrat,n 1,nt-th of 20 to 24 feet and a pile tip elev. of
-?0) to -26" !1_ l. Previr .s. borincs indicate that there nay

he £orrm - ateri e! at these deoth and the tip

el vation '7; be reduced somewhat in th_ final desiqn.
EXperiCene irevious pro ;ects indicates t:hat the 4" .: 12"
lagging oh L simple spar: are adequate and that HP 12 ; 74

p 1. r,cs #/i I ]o bF SLff:i.cent.

i
I
I
I
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ALTERNATIVES COMPARISION

Th- recommendcd s',.ore protec:tirn alternr,ti . dter.,e,-c~~fror. tw~o analvtiz-zl phase-=.: i)preliminary' sz:-e:ing

(2 f fina! se. e:tton. Each of these compr at .e phessa is
described ir. the -ollow:ng se:tions.

PRELIMINARY SCREENING. A preliminary comparisor of alter-
natives was used tc eliminate those protection methods thzt
clearly were less favorable than the others. This z'lot:ed
the final selc.ct or to be more closely anatyzed withz- _'
unnecessary confusinrn. Since a relatively la-ce numb-r o4

alternatives frjere devaloped and analyzed, a numerical
Comper i son w.s ,-t for preliminary screening (see the

The numerical comparison relates to the previously described
project goals and constraints. Under the general category of
"function", two factors are listed. The first is "protection
capa.bility", which encompasses the probable effectiveness ir
cort.Lrolling erosion and the justifiable feeling of well beIng
by adjacent residents. The other factor is "engineering
confidence" which includes an evaluation of each
a.te!-native's ability to provide long-term project life and
to ,ithstand structural or cperational stresses dve to
e;:treme storm events.

Th "economics" category relates simply to factors of
L'pected "construction cost" and "maintenance cost" for eact
-lternative. The higher ratings reflect lowar costs. To

I f, rther enhance the economic comparison, the teble presents
the estimated ccr.struction costs cof each alternative in
cC, I ar anounts and relative maintenance costs in terr5s of

high, moderate or low.

The "environmental" category also is divided into two

fEcto. "Social " and "biological". The social factor
relates to protection of aesthetics, visual, recreational.
and navigational aspects. The biological factor accounts for

:mpa-ts upon burial and destruction of habitats.

1-
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TABLE 5 (
BUHNE POINT/KING SALMON HARBOR

SUMMARY OF COST ESTIMATES

PLAN DESCRIPTION TOTAL COST

A-3 1400' Curved Combination Groin w/400' Rubble $640,000
Mound Breakwater.

B-3 1600" Bent Combination Groin w/200' Rubble $602,000
Mound Groin Upcoast.

1750' Combination Groin W/200' Rubble-Mound $660,000
Groin Upcoast.

0 1400' Bent Combination fGrcir, w/40.)' Rubble $615,000
Mound Groin.

E 1200' Bent Combination Groin w/2 Rubble-Mound $640,000
Groins Upcoast (400' & 300').

F 2000' Rubble-Mound Seawa!l along Buhne Point $1,030,000
Drive.

6-1 Import 490.000 cyds. of and Fill to Rebuild $1,970,000
Spit to 1961 Alignment.

G3-3 Import 170,00) cyds. of Sand Fill to Rebuild $69u,000
Spit to 1980 Alignment.

H 700' Curved Combination G-oin w!3-350' Rubble $736,00)
Mound Breakwaters.

1200' Curved Combination Groin w/550' "L" $602, 000
Shaped Rubble-Mound Groin.

J-1 1300' H-Beam Pile & Timber Groin on South End $795,000
w/450' Rubble-Mound Groin on North End Con-
nected by a 950' Low Rubble-Mound Sill.

] 2 J-1 + 350,000 cyds. Additional Sand Fill for $,2 "00
Constructinn of a Perched Bzach.
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SC-.n. T-iol s 5 ani 6. ce-tz& p cbj-!u.c.r3 . re.,-_ I,
t. r ,wr. ThE. a et Er r-ati es r-r.4 d . the to fc " :F- '-- . 1 F
a 1 cnne gro,.r, /retz a rig strLZ=tL-e -with s. : ; t, I ,7 poc e:-

Each rnf these- top IOU- altsrrzati..,ec etiair. . e tn - 2
rup points. Tn:s creates a pr! rce of c-.dE.- e that tio

re:ommiended. -_-,ternatlVe S!h L:Ic b, seP:- -ctFed w!.: -, r, t E.

gr cup:

I (a) Alterrati .C A-3. 1400' Grcin w!40y)' Offs-crc. Breawater
(b) AlternativE D. 1400' Gro.in w/400" Upcoast -roin
(c) Alternati,e I, 1200' Grz.n w/550" "L" shaped groi r

(d) Alternrti /e J, 1300' Groin w/950' low sill & perched
beach.

Three of the other -alternatives also relied principally upon
beach filled crcin pockets but appear to provide less
fUnctionabilit 

, , 
hgher costs, and/or notably adverse social

impacts. These :nclude Alternatives BC, and E. The variojs
other corFiau I.0on_ of the toP four alternatives seem to be
to[c costly fc,- thi. Cegree of protection provided.

TABLE 6

DESIGN SELECTION TABLE

F:ata.
n
r Fe.ctor Points Alternative Designs

Max A-3 B-3 C D E F G-1 H I J-i
FUNCT !ON:
F'rnt.-ction Capabili'v 6 4 3 3 3 3 5 2 4 3 5
Eno- rer i ng Confider ce 6 5 2 2 4 3 5 1 4 4 5

OL'ST
Construction Cost 6 4 5 4 5 4 2 1 3 6 3
M.irterance Cost 6 4 2 2 3 3 3 1 4 4 5

E N' I:O.J'1ENTAL:
Soci.l 6 4 2 2 4 4 1 2 3 4 4
U i o: c 6 5 3 3 4 4 2 2 5 4 3

I 1riT
r
L POINTS 36 26 19 17 23 21 18 9 23 25 25

RAMNING 1 7 9 4 6 7 10 4 2 2

I FINAL SELECTION. As a result ol their inclusion in the final
selection process, the long groin with the other alternate
features were :natvzed in more detail to more confidently1assess comparativi= qualities.

Little comparative dif-ference ias found between these alter-
nat i\.es in th: D:-reliminary streening, therefore, the com-
bir:ation of lcn . g oiri and offshore structure, the perched
bhe--i configir.=.ttor and the ona groin and upcoast groin iere

mrrbined and ,r azed. E:ezause o4 the offzhore depths and
t.e three dixen-- onal raturt of the protlem, a rznge of

p-siect eff..--oss and costs ca
r, 

b achieved by the
Va.-i rS ,o .on'_r, of arir length. lfi.:,cth of ofshore
struct.ire and '.,---tat or ornf: gu-ati

I -3S-
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CONCLUSIONS AND RECOMMENDATIONS

SUMMARY OF FINDINGS: Ap-r:czimatelv 2u00 li , a ! 4&et of

sho-eline c6t uhne Spit, lozated Lust .est o0 i irg Sc'man
o, i t t , K,_-mbcldt Bay In.a [ jEt t IeS, pe r -St E .-t!, 1. Itn

th-e paEt -.-ears has receded at rates of 5, t7 2' fee per
•Ir, th!e .ter.4ng Buhne Point Drivr and adjacent reside:,-,;s.
The sthcr-Lr ne recession is principali y cz.used by waves and
s.,El t;, e-.ter Humboldt Bay through the navigation chzTnel
betwen th _c _ tties. These L.aves (with annual r-ecU.- ence
heights o about 10 feet i-ipct or, the beach in the E .hne
Spit area Z-ncl transport sand along the spit and into Fields
Landing Channel and PG&E's powerplant cooling water intake
channel.

Or. analy. . s cf the twelve shoreline protectio.- meazvres
denonstratzs that placement of various groins, seawalls or

other strucLtures upon Buhne Spit to retard erosion is
-. eferable &:- this project. Some of the alterrnat .es

exhibit excessive maintenance costs and would require
rc-nouris henrt of the beach aL frequent intervals.

Offshore structures that dissipate wave energy, thereby
reducing erosional conditions at the shoreline, are favored

over other protection methods. These offshore structures can
function effectively over the long-term and form an open
pock~et beach for nourishment to move downcoast into the croin

pocket. They ajvoid unaccept able impart upon the social ,-Wd
biog Ti2a ',.-Aues of the sp4t. Their slight danger to

sha llow wzter navigation can be miticated by navigat onal
aids cbucys znL./cr lights).

RECOMMENDATIONS: Futtire project phases shcLuld cone-entrate
jupon the de-sig7, anmd constru, ction of a long groin and offshore

rcck rubtle brek-water to protect the eroding shore-irnr Zrc
e;cessiv wave energy and concomitant erosion prcblem. The

final desicr; phase should begin with Pstealishment of p-ezise

design criieria relating to function, cost, and envirorimental
protection. The long groin and offshore rock rubble
breakwater P:.:th a crest elevation of about 7 feet MLLW can be
constructed fcr abCut $64C,000 and thie configuration can be
-elied upod to sut etantially reduce lony-term shore recession

rates at Buhne Spit. This conceptual desion can be altered
tc, accompl sh A wide variety of ftinct ional or cost

requireffents. The recommended design is Phase I of a total
shore proLection project to re-estab!-!' Buhne Spit to its

Jppro;.'int? areva in ]955. Subsequent phases include the
ln .f O b0ut 3@:i x00 cubic ya, dv c, sand fill in the

2- cin ,oe f-stc-Ll1shed b , Fha!e I. :zeazh nzou-ishnent woc:lo

bt { rr, - : h..' SCE'- p'ri rdI: chenrel r- intenance dr-doing
t.. i : ...'-: l.I . F? ,v. A c..it~onial2',, i~r nr~s n of th1F ]cr'q

-,in ,.' r,.,:.~..r n edim t rur t - .-.7 ar.ied offshrorf_ Pt.

.J c.-. the gj o;rt durir.-, C..:r _-re wintE- r,c. A
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APPENDIX A

COST ESTIMATES for ALTERNATE PLANS

at

BUHNE SPIT AREA

, , i i II I I I I I I I I i I I



CaSr ESTIMATES

The cua=t estimates wsr-.z prepar-ed us inq 19,2'.-- :;ni
fuOr Ilariner S t e al at $56 0 nec-r t01n ;-i It S 1:-, Fo
transpcrtattion from Ft-rn~v3 va,,.ni a -o Eura?!: , Calif F - & j'

equ - F.rnent1 chairges fo- iristal'.AiaDn were, added at qS r-
linear -"o+- o+ oil!. fnr a vibratrz-y driving, Sy sw. v- ll
reaul1te M a -n i t p.-ur, f or t h:- s t eel H-Beam incusIs? o
per inear foot of p.ihi' installed. tN2un prices ti, rad ir. t'ic-E
estimates were $3 00 oari Thousiand Board Frnt for t- ~
Fir timber plus $t.0 D K Cr squaw-e fcot fr labhor. Ir -!
arid mi sc. mat er ial s rcccssary f or i nst,:lIIlAtt on Ltt) iu c:- u,
i n an i nstallIed pri-ze of 12. 20 pm-r C;qL, r e Lozt fo 0- " t' c
lagging. Prices F1or tne rock ,nd Crdfiular hte

ewt-c!f:-rom rea-c-nt s l roncV zr Crc c

In estimating the z:onstruction cc;s it wass .ant.cipi. te-d t I !
the contractor wool r. be znIlF c ilL, impart .): ccv rD, t
grar~ular material for a vwork pla&Fcjri.i/acs ruvlat d '
tide as part of his cc n un Uon ma O~.i)though +h'
of riate-i al coo!d vz.r\' Lm-,-reen cl torn tt and( mat
ail Prcunt of 25, 0o0- c-ubic ya- Cs cx~ onsidered i t r
altceritat? to mainrtai n a- cr n:- sta r.t fti guLtr 9 - cr Ef If.ld 1 I
purposes. This mats7ril c-as estimatsd at -A rclat i
$35.00 pEr, cubic ya--rd.

Larm and steal shes.,t pilIi ng wire it!c--ra oaU
gol r, cro, i!.t ruac, on a, th h -+)en Iam nniro Cs t.h,- ntu at:- n" g
as tiel r rusts anpexarad to be iso, th r! fiL2 ih1 - yfr ca C.
Iltnea- ,out of thE- other tyDs-: i o anrrc's, tr
drop-d from considerzt io!- a t an altq:
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Iltjiliic 1n jilt / K, 1 r,, I: imlm5 Wi'rbor

summa rvY of (o. t ]. t imates

DI NIWSCR 11) ION TOTAL cos~r

A -3 140o)' Curlved Combination Groi %0w4 00' Rubble -Moun-J$64,0
Breakwater$64,0

B-3 1600' Bent Combimition Groin w1200' Rubble-Momd Groin S 60900o1
Up coast

C 1750' Comination GIroin w/2001 Rubble-Mound Groin Upcoast $ 660,000

1) 1.100' Bent Combination Groin w/a 400' Rubblea-Mound Groin $ 615,000

11 I 0'W Bent Comb init ion Groin w12 Rob i-Mound Groins $ 640000
tilpsoast (1011' F, WO1')

1 21011' Rubble -Mound Seawall1 a long Buhne Dr. $1 ,080, 000

CI Imp)ort '190,000) CLI.d. Sind to Rebuild Spit to 1961 s,~,0
Al i In:';ent S ,7 ,0

C 3 Import 1701,0010 cu. 'vd. ';and to Rebuild Spit to 198$ 8000
Alignment$68,0

11 7010' Curved Combiwitoiln Gti'ii w/-i3.- O' Rubble.-Motind$

1 1200(' (Nirvvd Coilihiiit ion Groin w/550' ''L' Shapod 60?00
Ruhhb c M-o lii rom

J I I ifil' HI Bean; Pile t, limber Groini on South End w/130'
Ruib('1 e -Mood (Iro ii on North End Connected by) a $ 79s, OWP
9,0' Low kiifhbIlc MIinid .1 ill

J-2 J1 I ' 7.(11) ". %,I . Vddi t i i:i I Sand rPill for $,0,0

A



Buhne Pcint/Kin ' Sahrron Ilarbor

Cost E-t inratc for Plan A I

I, Rock Ruoble-%k)tild Groin Alternate

Item Quait i t y Uni2tCot 1rI.1l t Irta I

1. 1400 LF Rock (;roin

Core material 4,340 cu.yd. $ 6.00 $ 2n,100
Rock armour stone, 4 ton

avrage '1,620 ton 20.00 232,400

Bedding laver 0 avg. 7,420 tor 15.00 111,30
Toe rock, 'I ton ag. 1,870 ton 15.00 28.00
Filter cioth 84,000 sq.ft. .25 21,000

$.1 18,0O00

2. 400 LF Rock grek%,ater

6 ton rock 4,280 ton 20.00 $ 85,000
Bedding stone, 504 avg. 2,120 ton 1S.00 31,800
Sand dike access road 9,000 cit.yd. 4.00 36,000

$53,4, 0

3. Imported Sand Fill

Move sand dike 9,00o cu. yd. l.S0 13 50
Additional sand 16,000 CL. yd. 3.00 18, (100

$ 61,50 U

TOTAL ESTI.TED CONTRACY COSI $')33,-)

Lngineering, Contract Admin. & Contingency S 26,

TOT.'!. PS /\TEI IrROi CT COST 7 ',0, 0
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I L II I I . l t K I I :i I o I I t rho.r

Cost 1;,t imtc tor PI an A 2

I. Stecl II- i .,, ,/Ifoul la,g , Iig \ t :iIn tC

i tve.l Q Iiiui t it Yv tn it CoC)_s t A*'Inu tnt Total

S. I li.O IFi I i o Groin

11i) I'x71 piling 6,125 LF $32.20 $197,300
1x12 wood ligin. 22,400 sq.ft. 2.20 49,300
4 ton end rock 680 ton 20.00 13,600
Sand dike access road 20,700) cu.yd. 4.00 82,800

$343,000

.1)0 1.1: C o,-. I 'l (Akw It , r

Ii ton rock 4,2 '( ton 20.00 $ 85,600
i1 ddil,.'ito ,w, ,)f avg. 2,120 ton 15.00 31,800
Sird dikc ac,(, 

,  
roid 9,00f1 cu.yd. 4.00 36, 0(

$153,,f0

I. l ii rtcd 1 ;,tH I il

<I in i 2-, 00 cII. y . 1.50 $ 37,S00
S 37,50

I" AI, .,L 1 INIVF'1 Ii OiiNII\r
' 
i C SI $533,0 10

l. ', i t , v i r . , ( ! i n g e n c y $ 6 (1 7 , 0 0

I L+ F%{'I IA\IIA) PRO.1I1 { (i(1-;l $611,0 0



Buhnc Po int /Ki. :a on I larbor

Cost Fstimat tu'or Plon A-3

I. Combination Groin %%,/-100' of Ruhbl -,-M{oU d G(roinl 4 1000' of I M: Pi IC: u n

It Ite: Qulvt v " U it Cost Am,,,ti t lo :t 1

1. 400 LF Rock Groin Sectin

Core material 890 cu.yd. $ 6.00 $ 5,3(
Rock armour stone, 4 ton 2,993 ton 20.06 59,9oo
average

Bedding layer 0 avg. 1,987 ton (5.00 29,800
Toe rock, ', ion avg. 533 ton 15.01; 8, 0
Filter cloth 24,000 sq. ft. .25 6,01)

$1 00.00)'

2. 1000 ,F Pile Gioin Section

tP 12x74 piling 4,3735 1,F 32.20 $11(), w;
1x12 wood lagging 1,, 01) sq. ft. 2.20 3 03 0
Sand dike acc('.' road 1.MW(i(1 cu. vd. .1.0) 5,,O(1(1

' 229, 900~

3. 400 .F Rock Breakwater

6 ton rock 4 0 toll 20.00 $ 8".0;)
Bedding Stone, 5)0' avg. Ij 'l tol 1. 00 31,8001
Sand dike access road 9,0i)on cu. yd. 4.00 Y,, Oilh,

$153,4010

4. 1 ported Sand Fill

Wive sand dik- 271,000 cu.vd. (.51 $ 31 15,0;
Addit iosal snd U. yd. 'i. 00 W,0

TOTAl. E.T IMA'I CONTRA.\,' ; ' lr s. " 85,

Eiigincering, Contruct Adiin. (; (:1,) in, y $1 ( _15

'IOTA I, I.S IM VI 'll (ROt) I <,I SC, (0,1

A- 6



Buhne Point/King Saluion Ilarbor

Cost Estimate for Plan B-I

I R. ock Rubble-Mound Groin Alternate

-Item Quantity Unit Cost Amount Tot l

1. 1600 IF Rock Groin

Core material 4,960 cu.yd. $ 6.00 $ 29,800
Rock armour stone, 4 ton 13,28o ton 20.00 265,600
Bedding layer, " 0 8,480 ton 15.00 127,200
Toc rock, 'i ton 2,130 ton 15.00 32,000

Filter cloth 96,000 sq.ft. .25 24,000

$478,500

2. 200 LF Rock (;Doin

Core material 620 cu.yd. 6.00 $ 3,700
Rock arlnoutr stone, 4 ton 1,660 ton 20.00 33,200
Bedding layer, 0'" 0 1060 ton 1S.00 15,900
Toe rock, 1_ ton 267 ton 15.00 4,000
Filter cloth 1 2,000 sq.ft. .25 3,000

$ 59,90

3. Iported Sand Fill 25,000 cu.yd. 3.00 $ 75,000

TOTA, 1Sll t l'Tli CONTRACT COST $613,400

Engineering, Contract Admin. & Cont ingency $121,600

TOT.\L. I.S'IMATFI) PROJECT COST $735,00n

A-7



Buhne Point/K ng Salmon Harbor

Cost lstiTi:1te for Plan B-2

I. Steel i-Beam Piles w,'/ood I ggin g Alternate

Item Qtiit it Unit Co_ st Amo Ezn t 'to 11

1. 1400 LF Pile Groin

lP 12x74 piling 7,000 LF $32.20 $22,104x12 wood lagging 2S,600 sq.ft. 2.2) 56,3o04 ton end rock 630 ton 20.00 13,(0Sand dike access road 23,o o cu.yd. 4.0o 94,0un

2. 200 LF Rock Groin

Core material 620 cux.yd. 6.00 $ 3, ,;Pock armour stone, 4 tol 1,660 ton 20.00 33,21,2Bedding layer, ' 1,060 ton 15.010 I S ,9:)0Toe rock, ! ton 267 toil 15.00 4,000Filter cloth 12,000 sq.ft. .25 3,0o

3. Imported Sand Fill

Move sand dikt 23,500 cu.yd. 1.50 $ 33, jllAdditional sand 1,500 cU. yd. 3.00 4,(1()

TOTAL ;S'I''t\IN l'I CONTR \T(.VI ST $1 Si , 
1

Engineering, Contract Amijn. & (oittingerlcy . 9s.

TOTAl. ESTIMTL pl1O.111f (0 T ,'1.1
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Buhne Point/King Salmon Harbor

Cost Estimate for Plan B-3

1. Combination Groin w/600' of Rubhle-Mound Groin + 1000' of H-Beam Pile Groin

Item Quantity Unit Cost Amount Total

1. 600 LF Rock Groin Section

Core material 1,334 cu.yd. $ 6.00 $ 8,000
Rock armour stone, 4 ton 4,490 ton 20.00 89,800
Bedding layer, " 0 2,980 ton 15.00 44,700
Toe rock, ton 800 ton 15.00 12,000
Filter cloth 36,000 sq.ft. .25 9,000

$163,500

2. 1000 [F Pile Groin Section

HI' 12x74 piling 4,375 LF 32.20 $110,900
4x12 wood lagging 15,000 sq.ft. 2.20 33,000
Sand dike access road 14,000 cu.yd. 4.00 56,000

$229,900

3. 200 IX' Rock Groin

Lore mivterial 620 cu.yd. 6.00 $ 3,700
Rock armour stone, 4 ton 1,660 ton 20.00 33,200
iedding layer, " 1,060 ton 15.00 15,900
Toe rock, 'i ton 267 ton 15.00 4,000
:iltcr cloth 12,000 sq.ft. .25 3,009

$ 59,900

1. Imported Sand Fill

'.love sand dike 14,000 cu.yd. 1.50 $ 21,000

Additional sand 11,00o cu.yd. 3.00 33,000

$ 54,000

TOTAIL ESI'IATIJD CONRACT COST $507,300

1 inuering, Contract Admin. F, Cortii,,,ency $101, 700

TOTAL. vS!m\l) PRO.IC1 (OST" $609,000

A-9
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Buhne Point/King Salmon Harbor

Cost Estimate for Plan C

1. 1750' Combination Groin w/200' Rubble--Mound Groin

Item Quantity UNit Cost Amount Total

1. 750' Section of Rubble-Mount in Combination Groin

Core material 1,667 cu.yd. $ 6.00 $ 10,000
Rock armour stone, 4 ton 5,613 ton 20.00 112,300
Bedding layer, 0 0 3,725 ton 15.00 5S,900
Toe rock, ton 1,000 ton 15.00 15,000
Filter cloth 45,000 sq.ft. .25 11,200

$204,400

2. 1000' Section of H-Beam Piles in Combination (roin

HP 12x74 piling 4,375 LF 32.20 $140,900

4x2 wood lagging 15,000 sq.ft. 2.20 33,000
Sand dike access road 14,000 cu.yd. 4.00 56,000

$229,900

3. 200' Rock Rubble-Mound Groin

Core material 620 cu.yd. 6.00 $ 3,700
Rock armour stone, 4 ton 1,660 ton 20.00 33,200
Bedding layer, " 0 1,069 ton 15.00 15,900
Toe rock, ton 267 ton 15.00 4,000
Filter cloth 12,000 sq.ft. .25 3,000

$ S9,900

4. Imported Sand Fill

Move sand dike 14,000 cu.yd. 1.50 $ 21,0001
Additional sand fill 11,000 cu.yd. 3.00 33,000

$ 54,0OO

TOTAL ESTIMT|'D CO.<IRACT COST $548,200

Engineering, Contract Admin. f, Cot irgenc), $111,80(

TOTAl EST [M\TED PGO.J!(" (:4.351 $660,000

A-IO



Buhne Point/King Salmon Harbor

Cost Estimate for Plan D

1. 1400' Combination Groin w/'400' Rubble-Mound Groin

Item Quantity Unit Cost A.,oount Tota-l

1 100' Section of Rubble-Mound in Combination Groin

Core material 888 cu.yd. $ 6.00 $ 5,300
Rock armour stone, 4 ton 3,000 ton 20.00 60,000
Bedding layer, 0" 0 2,000 tori 15.00 30,000
Toe rock, 11 ton 533 ton 15.00 8,000
Filter cloth 24,000 sq.ft. .25 6,000

$109,300

2. 15)0' Gction of Il-Beam Pilec in Combination Groin

ilP 12x74 piling .1,37S LF 32.20 $1.10,900
4x12 wood lagging 15,000 sq.ft. 2.20 33,000
Sand dike access road 14,000 cu.yd. 4.00 56,000

$229,900

400' Rock Rubble-,Mouird Groin

COre ITaterial 1,240 cu. yd. 6.00 $ 7,400
Rock armour stone, 4 ton 3,320 ton 20.00 66,400
Bedding layer, 12" 0 2,120 ton 15.00 31,800
'Toe rock, % ton 533 ton 15.00 8,000
Filter cloth 21,00) sq. ft. .27 6,000

$119,800

Imported Sand F ill

,ovc sand dile 14,000 cu.yd. 1.50 S 21,000

Additional sand fill I1,0)I cu.yd. 3.001 33,000
54,000

TOTAl. IS'I 1\ I . 1) v C NTRV' I C( ,-'[ $51 3,000

ugiHL'cering, Cont,;,t Admin. t, Ct'ut inency $102, Ono

T(IA,\I , i I I!'\ I11 PIOA . 1CI OI 1 $(1 ,qn )

A 11
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Buhne Point/King Salmon Harbor

Cost Estimote for Plan E

1. 1200' Combination Groin w/400' F, 300' RUbble-Mtind Groins

Item Quant it y UP it Cos t Amo unt lo ta I

1. 300' Section of Rubble-Motud in Combination Groin

Core material 660 cu.yd. $ 6.00 $ 4,(000
Rock armour stone, 4 ton 2,250 ton 20.00 45,000
Bedding layer, " 0 1,500 ton 15.00 22,500
Toe rock, ton 400 ton 15.00 6,000
Filter cloth 18,00 sq.ft. .25 4,500

$ 82,000

2. 900' Section of H-Beam Pile in Combination Groin

HP 12x74 piling 3,940 LF 32.20 $126,900
4x12 wood lagging 13,300 sq.fl. 2.20 29,700
Sand dike access road 12,600 cu.yd. 4.00 50,400

$207,0)

3. 400' Rock Rubble-Mound Groin

Core material 888 cu.yd. 6.00 $ 5,3000
Rock armour stone, 4 ton 3,000 ton 20.00 60,000
Bedding layer, '1" 0 2,000 ton 1.00 3, (10

Toe rock, ' ton 533 tol 15.00 8,000
$103, 3)))

4. 300' Rock Rubble-1Mnd 0;roii

(ore material 930 cu.yd. 6.00 $ .5,600
Rock armour stone, 4 ton 2,49%, tol 20.00 49, 1-0
Bedding layer, '" 0 1,590 ton 15.00 23,900
Toe Rock, % ton .100 toll 15. 00 6,(0)

$ 8s, 3nu

S. Imported Sand ill

Move sand dike 12,',OD c1.yd. 1.50 $ !8700
Additional sand fill 12,50( c u. yd 3.00 3,5(1(

TOTAl, iOTf.l~f'I) CO N I F . fSI $ 533,8(10

hnginc-ering, Conti i t AdOtmin. F, Cont i 1.ency S106, 200

TOT\I L'ITIMAJIf) PR.IFTf CO; $(, $6 )),000

A-12



BuhnC Point/King Salmon Harbor

Cost Estimate for Plan F

1. 2000' Permanent Rock Seawall Along Bluhnc Drive

Item Quantity Unit Cost Amount Total

1. 1200' of Rock Seawall using 6 ton Armour Stone

Sand excavation 13,200 cu.yd. $ 3.00 $ 39,600
Move/re-use exist. rock 6,000 ton 7.00 42,000
Rock armour stone, 6 ton 15,000 ton 20.000 300,000
Rock riprap, I ton 9,700 ton 15.00 145,000
Beodding layer 4,200 ton 12.00 50,400

$S77,500

2. 800' of Rock ScaWall1 using 4 ton Arouur Stone

Sand excavation 3,600 cu.yd. 3.00 $ 10,800
Move/re-use exist, rock 4,000 ton 7.00 28,000
Rock armour stone, 4 ton 5,520 ton 20.00 110,400
Rock riprap, 3/4 ton 4,600 ton 15.00 69,000
Bedding layer 2,600 ton 12.00 31,200

$249,400

3. Imported Sand Fill 25,000 cu.yd. 3.00 75,000

Tt)TAI, EST IMATI I CONFRACT COST $901,900

Engineering, Contract Admin. f, Contingency (20% 4) $178,100

TOTAl, lSTlt.\'I ElI) PROJ ECT COST $1 ,080,000

A- 3



Buhne Point/King Salmon Harbor

Cost Estimate for Plan C

I. Import Sand to Rebuild Spit to Approx. 1961 Alignment

1. Imported Sand Fill - 490,000 cu.yds. @ $3.50 - $1,715,000

2. Engineering, Contract Admin. & Contingency (15% +) - 255,000

TOTAL ESTIMATED PROJECT COST $1,970,000

III. Import Sand to Rebuild Spit to Approx. 1980 Alignment

1. Imported Sand Fill - 170,000 cu.yds. @ $3.50 - $ 595,090

2. Engineering, Contract Admin. t, Contingency (15% +) - 85,000

TOTAL ESTIMATED PROJECT COST $ 680,000

A-14



Huhne Point/King Salmon Harbor

Cost Estimate for Plan H

I. 700' Combination Groin w/three - 350' Rock Rubble Breakwaters

Item Quantity Unit Cost Amount Total

1. 200' Section of Rubble-Mound in Combination Groin

Core material 236 cu.yd. $ 6.00 $ 1,400
Rock armour stone, 4 ton 1,264 ton 20.00 25,300

Bedding layer, " 0 1,028 ton 15.00 15,400
Toe rock, !I ton 266 ton 15.00 4,000

Filter cloth 10,000 sq.ft. .25 2,500
$ 48,600

2. 500' Section of H-Beam Piles in Combination Groin

lip 12x74 piling 2,061 LF 32.20 $ 66,500
,Ix12 wood lagging 7,500 sq.ft. 2.20 16,500
Sand dike access 7,000 cu.yd. 4.00 28,000

$111,000

3. Three - 350' Rock Rubble Breakvn ters

Rock armour stone, 6 ton 11,3410 ton 20.00 $226,800
Bedding stone, 5ON 6,300 ton 15.00 94,500
Sand dike access 23,800 cu.yd. 4.00 95,20(1

$41,S00

4. Move Sand Dikes 25,000 cu.yd. 1.50 37,500

TOTAL ESTIM'\TED CONTRACT COST $613,600

tEngineering, Contract Admin. 1, Contingency (20 ; +) 122,400

TOTAl, ESIIM,\TEII PR.(IJIW COST $730 ,000
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Buhne Point/King Salmon Harbor

Cost Estimate for Plan I

I. 1200' Combination Groin w/550' I'l shaped Rubble YMuud Gruin

Item Quantity Un it_ Co 5 t Amount Tota l

1. 300' Section of Rubble-Mound in Combination Groin

Core material 666 cu.yd. $ 6.00 $ 4,000
Rock armour stone, 4 ton 2,250 ton 20.00 45,000
Bedding layer, " 0 1,500 ton 15.00 22,5oo

Toe rock, ton 400 ton 1S.00 6,:0
Filter cloth 18,000 sq.ft. .25 4,500

$ 82,0'

2. 900' Section of H-Beam Piles w/Wlood Lagging in Combinitien ;roimi,

HP 12x74 piling 3,940 LF 32.20 $12u,90
4x12 treated timber lagging 13,500 sq.ft. 2.20 29,700
Sand dike access 12,600 cln.yd. 4.00 50,400

$.'07,000

3. 550' "L" Shaped Rubble-Mound Groin

Core matcrial 1,705 cu.yd. 6.00 $ 10,200
Rock armour stone, 4 ton 4,56 ton 20.00 91,300
Bedding layer, " 0 2,915 ton IS.00 43,700
Toe rock, ton 732 ton 15.00 11,000

4. Imported Sand 
Fill

Move sand dike 12,500 cu.yd. 1.50 18,900

Additional sand fill 12,500 cu.yd. 3.00 37,501)
$_ 56, ;90(

TOTAL ESTIMATED CONTRA(T COST $3(11s 5on

Engineering, Contract Adrmin. , Contingent) (,'$> _) $l 0- o3

TOTAL ESTI .IATED PRO.JECT C0'T S 602, mw

A-16



M ilin, P'i i t / Ki iw S:Ia~ I . rhor

La~t 1.St imatv for I'lml .1

Sil' iiicd i- J earn I ,' (11-ira W/i IJ' 14nbblC-SanIdi Gra0il

1 1f,1 I'ltibl1-Mounid Lot, Sill

I tern Qualint it)y Un it 'Co st Amount Toht al

13I0 I I Beamil P ilIe w/Wood Laging Groin

Ill' 12074 pil ing 5, 850 LF $32.20 $188,400
.1xI 2 t rea ted t iimbcr l agging 20, 800 sq. ft. 2.20 45,800

Sand dike accee s 18,200 cu. yd. 4.00' 72,800
$307,000

.1'RiilIle Mounld (;ra il

Co(ire mat t ra; I I , 305S cii. yd. 6.00 $ 8, 409
Rack armiour a tonc, 4 toil 3 , 7 35 toil 20.00 74 , 700I
Iltding la 'yer, 0" 2, 38-0 toil 15.00 35,80oo
,10oe roAk, 1, toii 600 Lonl 15.00 9,000i

$127,900

3. ( k1 ubbl e \iauwil S1i 11I

Rocl, 'i riinm sI t i , 1 t oil t toil 20. 00 $ 71 ,3M)1

Bed'dinlg 'Jone, 50, 4 , 181) toil 15.00 62,701
[iltur Cloth l, Vi0 sq. ft. .2 S 2,900
Saknd dike acrcss 13,31( cui. yA. 4.00 -,3,2(10

$ 100), 100

4.Mave ;aiii Dike 25,1('90 CU. Yd. 1.50 $ 37,500

'11T\I LS11 \TkliV 11 CON I15 R V: CST $662, SOO

[Imp i iw ren! i', Cant r~Lt ..\,h,:n . FCont i npencv (2(1% +) $ 13?2, 00

FTL\I L[S i f I I I IT h'1.(1 I(711 $79S, 000

A-I17
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APPENDIX B

WAVE DATA STATISTICS and SUMMARY

for

HUMBOLDT BAY AREA
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WAVE DATA STATISTICS

The i oia Iwirlu pages of 6;,a L5 (5 r-t:iw U iu

CakI If rI a Coastal Data CollIect ,co f'.'jw>r::1 r>

and from, the Deep -Wa ter WaeSai~ic.tw the >A. 1

Coast. Report toor bt at ic-.n 2 Th., i 12t Y : h

summary s-hept, were Used to ,u~l re-t rcho dou- . : rm .

that the: Paci'Fic LDem, arcs. colc r9 .!n ,,i h~ f -

er:pE.-ioriee on a:. rte~rrnn hst Wavo nIecqh u cr:? r''7(w

as thu H. or H valIue. C- a rccf'Ce--t ~a.h~

s -ci tirn7 per t od. Jh Sho' a -)uu~tcn h:! %!

r e, Lr.1 E.'-jd that tho H- sav hae- uht I: tir hm t !hc

qac ht along ti-o North Pac ir jn a

hc- up isF the Zust-age List gilt of th .ic cch SL t0 tpu

u-C..' + the £r~ifp ~u h I a\e~~'L

1- 1 h -Z gl- t L! 31 I F. h £q : tc n - I. 'l

B0



CALIFORNIA COASTAL DATA PROGRAM

Humboldt Bay Wave Rider (Inner)

Number Of Days in Moith Tthat Slinificant Wave Height 18-Feet
Wave Height- - Total

YEAR 1991 YEAR 1982 occ's
(Ie-t) -JAN [ES nAR APR MAY JUN JUL AUG OCT NOV JAN FEB MAR APR MAY (Days)

16-18 2 . . .2 4
14-JA 1 2 2--- - - 1 3 4 2 16
12 14 1 - 4 2 2 - 2 3 3 3 1 1 23
Iu-12 S 9 3 1 I - - 1 4 4 1 6 4 5 46
U- ') 1 4 6 7 5 2 4 5 4 4 2 4 4 5 57
-5 2 6 4 II 6 5 1 8 5 7 2 1 4 7 9 87

4- e , C t, 11 1 2 9 13 12 2 2 2 .3 9 5 93
2 4 0 -. t 2 7 7 6, 10 4 1 1 I 1 3 6 52
0i) 14% "0 1 2 - - 1 05 0% - 1 3 0 29

'otaI 1 3)2 "1 SU 1 30 z I zi 25 20 / 24 3051 411
S Gfla. tn I reco, ding pat of month

DEEP-WATER WAVE STATISTICS

of the

CALIFORNIA COAST--STATION 2

January 1951-1974
PERIOD FREOUENCY OF OCCURRENCE DISTRISUIION

COMINED SEA/SWELL

A.,/F F '(( ILI TOTAL
("i -'It 1 1 -6 t 3 F Ii I'- I2 12-14 14-16 16-- OCc'S

tenr 1F-r(y

o2 10 2 - 14
197. 7- i'-l 1? 2 -. - 19
I'. 4 1 '. 19 71 , 5 2 - 64

1.1-16.4 1 I11' 7 17 3 - 14v
9- 8- 1 . 1 114 220 -rU 212 5 3 4u-
[. ('y. q .,[19 24 78 t 9 6 394
1) . I ' 41; 1u7 7.7 41 14 21 726
4. 9 -S . A/' 499 135 p., 64 62 30 125'

u4.' 9,:'4 1b9 121 183 147 21 1909
1.6 ,' 1 115 111 270 55 4 1469
'.) )1 1 ; 1 16 6-1 15 2 213

TOT'L 21 . I 94k 2 94- 12 7-", .14 9b 6607
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HUMBOLDT BAY BUOY (OUTER)
JAN 1981

PERSISTENCE
CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- FEET OR LESS

FEET DAYS
1 Oo
2 0.

3 0,
4 0.
5 0,
6 0.
7 0.
8 1. 1.
9 1. 2.

10 1, 2,

11 1, 2. 3,
12 2. 1, 3. 3,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR JAN 1981

DATE ( JAN) 1 2 3 4 5 6 7

SIG.HT (FT.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( JAN) 8 9 10 11 12 13 14

SIG.HT (FT.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( JAN) 15 16 17 18 19 20 21

SIG.HT (FT.) 12.0 11.1 15. 1 12.4 14.2 16. 1 21.5

DATE ( JAN) 22 23 24 25 26 27 20

SIG.HT (FT.) 19.0 16.5 11.0 8.0 12.3 17.7 14.5

DATE ( JAN) 29 30 31

SIG.HT (FT.) 11.5 9.4 7.7

H-6



H'JrIDD j'T 3A' E'UCi', INNEP:

:'-Et :98 :

PEPSISTENCE
CONSEUTI'E DAYS (: OF MORE EIGNI ICAr

WAVE HEIGHT 15 -N- FEET OF.

FEET DAYS

o

0.
3 1,

4 3, 2.

5 8,
6 9.
7 9, 1, 1. 1,
8 12, 1, 1, 2,

9 13, 1. 1. 1. 2,

10 13, 2. 1. 1. 2,
11 16, 1 I, 2,

12 19, 1, 2,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR FED 1981

DATE ( FEB) 1 2 3 4 5 6 7

SIG. HT (FT.) 8. 6 8. 1 64 5. 5 4.4 3.9 3.9

DATE ( FEB) 8 9 10 11 12 13 14

SIG.HT (FT.) 5.0 3.4 4. 1 5.3 7.6 7.9 10.9

DATE ( FED) 15 16 17 18 19 20 21

SIC. T (FT.) 9.6 7. 4 22.2 7.3 12. 1 16.0 9.2

DATE ( FED) _ 23 24 25 26 27 28

iIC HT (FT. ) 0.0 0.0 0.0 0.0 0.0 7. 1 0. 1

DATE. ( FED) 29 30 31

210. HT (FT ) 0 0 0 0 0 0

B--7



HUMBOLDT BAY BUOY (INNER)
MAR 1981

PERSISTENCE
CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- FEET OR LESS

FEET DAYS
1 0.

2 0

3 O
4 O
5 1,
6 1. 2,

7 1. 11 11 2,
a 1, 1. 1, 1, 1, 1, 2, 1

10 3. 2. 1. 1, 1 5. 1, 2.

11 3, 2, 1. 2. 1o 5. 1o 1. P.

12 3, 2. 6. 6, 1. 4.

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR MAR 1981

DATE ( MAR) 1 2 3 4 5 6 7
-- -------------------------------------------

SIG.HT (FT.) 6.8 8.9 5. 5 14.7 10.0 8. 2 14.3

DATE ( MAR) 8 9 10 11 12 13 14

SIQ.HT (FT.) 13.7 9.6 11.9 11.5 7.3 11. 7 7. 5

DATE C MAR) 15 16 17 18 19 20 21

SIG.HT (FT.) 13. 1 11.6 9.1 8. 1 10.3 5.8 5.3

DATE ( MAR) 22 23 24 25 26 27 28

SIG.HT (FT.) 0.0 0.0 0.0 11.0 12.7 13.9 7.5

DATE ( MAR) 29 30. 31

SIG.HT (FT.) 11.9 10.4 9.2



HUM13OLDT D3AY DUOY (INNER)

APR 1901

PERSISTENCE
CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- FEET OR LESS

FEET DAYS

1 0

2 0.
3 1, 1,
4 1, 1,

5 2, 1. 2, 1,

6 4. 1, 2, 1,

7 1, I, 7. 1, 7.

8 2. 2. 11, 8.

9 2. 14. 8,
to 2, 15, 8.

it 4. 24,

12 5, 24.

- MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR APR 1981

DATE ( APR) 1 2 3 4 5 6 7

SIG.HT (FT.) 10.5 11.0 8.0 7.2 12.3 13.2 9 7

DATE ( APR) 8 9 10 11 12 13 14

-SIG.HT (FT.) 7. 1 81 8.5 8.4 8.2 4.5 3. 1

DATE ( APR) 15 16 17 18 19 20 21

SIG. HT (FT.) 5.6 6. 2 7 3 7. 4 4.7 7.8 7. 1

DATE ( APR) 22 23 24 25 26 27 28

SIG.HT (FT.) 10.6 R. 3 7.2 6.6 4.9 3.4 6. 9

DATE ( APR) 29 30 31

SIG HF (FT: ) 7. 3 4.6 0. 0



HUMBOLDT BAY BUOY (INNER)
MAY 1981

PERSISTENCE
CONSECUTIVE DAYS (1 OR MORE) SICNIFICANf

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0.50 O
1.00 1, 1.
1.50 1, 1, 1, 4, 3,
2.00 6, 6, 10, 1.
2. 50 7, 20,
3.00 9, 21,

3. 50 31,
4.00 31,
4. 50 31,

5.00 31,
5. 50 31,
6.00 31,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR MAY 19E1i

DATE ( MAY) 1 2 3 4 5 b 7

SIG.HT (M.) 2.5 2. 5 1.8 1.7 2. 0 1.7 1.9

DATE ( MAY) 8 9 10 11 12 13 14

SIG.HT (M.) 0.9 2.8 3.4 2.6 2. 1 0. 1. 6

DAIE ( MAY) 15 16 17 18 19 20 21

SIG. HIT (M ) 1.8 1.7 1.0 1. 9 2.1 1.9 1. 4

DATE ( MAY) 22 23 24 25 26 27 23

SIG. HT (m. ) 1.2 1.2 J. 2 1. 6 1.8 1. 4 1 1

DATE ( MAY) 29 30 31

SIG. HIT (M.) 1. 4 2.21 1. 9

- I)



Hi)M13'LD F [3.;Y DUO, (INNER)

PERSISTENCE
Cr[,%ECUTIVE DA YS (I OR MORE) SIG JIF'ICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0.50 0.

1. 00 2, 1,

1. 50 3. 5. 2, 1, 1, 1.

2 00 13, 6, 1. 1. 2,

2. 50 13. 6, 1, 2, 2,

3.00 13, 6, 4, 3,

3. 50 13, 6, 5, 3.

4. 00 13. 6, 9.

4. 50 13, 6, 9,

5.00 13, 6, 9,

5. 50 13, 6, 9.

6.00 13, 6, 9.

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR JUN 1921

DATE ( JUN) 1 2 3 4 5 6 7

SI. HT (M. ) 1. 5 0 9 1. 0 1 6 1.6 2 0 1. 7

DArE ( JUN) 8 9 10 11 12 13 14

SIG HT (MI ) 1. 7 1. 3 1.3 1. 1 1.2 1.2 0. 0

DATE ( JUN) 15 16 17 10 19 20 21

SIG.HT (M. ) 0 9 1.3 1.9 1.6 1.4 1.6 0.0

DATE ( JUN) 22 23 24 25 26 27 2s

5IG HT (M ) 1. 5 2. 8 2.1 1 9 3.4 3. 7 2 7

DArE ( JUN) 29 30 31

S I(HF (M) 2 0 1 0 0 0

, . ,, d 1 --ll ------1- IIII
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HUMBOLDT BAY BUOY (INNER)
JUL 1981

PERSISTENCE
CONSECUTIVE DAYS (I OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0.5 O,
1.0 O,
1. 5 1, 1,
2.0 4, 1, 2.
2.5 4, 4, 4, 2, 1,
3.0 11, 8, 7,
3. 5 12, 10 7,
4.0 12, 10, 7,
4. 5 12, 10, 7,
5. 0 12, 10, 7.

5. 5 12, 10, 7,
6. 0 12, 10, 7,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR JUL 1981

DATE ( JUL) 1 2 3 4 5 6 7

SIQ.HT (M.) 3.0 2.5 1.2 0.8 1.2 1.4 2. 1

DATE JUL) 8 9 10 11 12 13 14

SIG.HT (M.) 2.2 0.8 1.6 1.8 1.6 0.0 2. 1

DATE C JUL) 15 16 17 18 19 20 21

SIG.HT (M.) 2.2 1.8 1.4 1.1 1.6 2. 1 2. ?

DATE ( JUL) 22 23 24 25 26 27 29

SIG.HT (M.) 2.5 2.9 0.0 2.3 2.2 1.7 1.7

DATE ( JUL) 29 30 31

SIG.HT (M.) 2. 1 2.1 1.9
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HUMBOLDT BAY DUOY (iNNER)
AU(' 1901

PERSISTENCE

CON SECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0. 5 O

1.0 o
1.5 3, 6,

2.0 5, 7. 2, 1,
2. 5 7, 3, 9, 3, 1,
3.0 31,
3. 5 31,

4.0 31,
4.5 31,
5.0 31o
5. 5 31,
6.0 31,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR AUG 1921

DATE ( AUG) 1 2 3 4 5 6 7

SIG.HT (M.) 1. 1 0.2 0.7 0 8 1.4 1.6 1.8

DATE ( AUG) 8 9 10 11 12 13 14

SIG. HT (M.) 2.2 1 8 1.7 1.0 2.3 2 2 1.7

DATE ( AUG) 15 16 17 18 19 20 21

SIG.HT (M.) 1.4 0.8 0.7 0.9 0.9 0.7 0.7

DATE ( AUG) 22 23 24 25 26 27 28

SIG HT ((,) 1.6 2, 3 1. 7 1. 4 1.4 2. 4 2. 2

DA-h C AUG) 29 30 31

SIc H7 (M) 1. 3 2, 1 2. 3



HUMBOLDT BAY BUOY (INNER)

OCT 1981

PERSISTENCE
CONSECUTIVE DAYS (I OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0.5 0,

1.0 1. 2.
1.5 1. 6. 1.

2.0 3. 10, 3, 2,
2.5 4. 16, 2. 1,
3.0 6, 16, 3, 1,
3.5 6, 16, 3, 2.
4.0 6. 16, 6,
4. 5 24, 6,
5.0 24, 6,
5.5 24, 6.
6.0 24, 6,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR OCT 1981

DATE ( OCT) 1 2 3 4 5 6 7

SIG.HT (M.) 2.5 2.2 1.8 1.7 1.3 2.9 4.3

DATE ( OCT) 8 9 10 11 12 13 14

SIG.HT (M ) 4.2 2.2 2.4 1.8 1.7 1.7 1.4

DATE ( OCT) 15 16 17 18 19 20 21

SIG.HT (M.) 0.9 1.1 1.0 0.8 1.0 1.8 2. 1

DATE ( OCT) 22 23 24 25 26 27 20

SIG.HT (M.) 1.6 1.3 1.5 0.0 1.8 1.6 2.8

DATE ( OCT) 29 30 31

SIG.HT (M.) 3.8 3. 1 2.3

B- 14



HUMBOLDT BAY BUOY (INNER)
NOV 1991

PERSISTENCE
CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0. 5 0,

1.0 O,

1. 5 2.

2.0 1, 3,
2.5 3, 5. 1, 1, 1,

3. 0 9, 1, 2, 1, 1,

3.5 9. 6, 2,
4.0 11 7. 2,
4. 5 13, 8, 2,
5.0 13, Ill

5. 5 13, 11,

6.0 13, 11,

MAXIMUi DAILY SIGNIFICANT WAVE HEIGHT FOR NOV 1981

DATE ( NOV) 1 2 3 4 5 6 7

SIG.HT (M.) 2.3 1.9 2.3 3.0 2. 1 2. 1 1.8

DATE ( NOV) 8 9 10 11 12 , 13 14

SIG. HT (M ) 1.4 1. 1 3. 7 4.0 4. 5 4.4 7. 1

DATE ( NOV) 15 16 17 18 19 20 21

SIG.HT (M.) 3.6 2.8 3. 1 2.9 2.4 3.5 2.5

DATE ( NOV) 22 23 24 25 26 27 28

SWC H r1 (m) 4.2 4.8 3.4 2.4 0.0 0.0 0.0

DATE ( NOV) 29 30 31
--------------------------------------------------------------------

SIGHT ( ) 0.0 0.0 0 0
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HUMBOLDT BAY BUOY (INNER
JAN 1982

PERSISTENCE
CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0.5 0.
1.0 0,
1.5 1. 1,
2.0 4,
2. 5 5,
3.0 5, 1, 3,
3.5 5, 1, 4, 3,
4.0 5, 6, 1, 3,

4.5 5, 7, 5,
5.0 20,
t. 5 20,
6.0 20,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR JAN 1982

DATE ( JAN) 1 2 3 4 5 6 7

SIG. HT (M.) ( 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( JAN) 8 9 10 11 12 13 14

SIG.HT (M.) 0.0 0.0 0.0 0.0) 2.2 1.9 1.D

DATE ( JAN) 15 16 17 18 19 20 21

SIG.HT (M.) 1.6 1.1 4.8 4.5 4.1 2.5 4.0

DATE ( JAN) 22 23 24 25 26 27 22

SIG. HT (Hr.) 3.0 2.5 2.9 3.4 4.8 3.7 4..3

DATE ( JAN) 29 30 31

SIG.HT (M.) 3.3 3.3 3.3
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HUMBOLDT BAY 1UOY (INNER)

FEB 1982

PERSISTENCE
CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0. 5 O,
1.0 O
1.5 2.
2.0 3.
2. 5 1, 3,
3.0 6,
3. 5 7,
4.0 7,
4. 5 7.
5. 0 7,
5. 5 7,
6.0 7,

MAXIMUM DAILY SICNIFICANT WAVE HEIGHT FOR FED 1982

DATE ( FED) 1 2 3 4 5 6 7

SI. HT (M.) 3.2 2.6 2.0 2.9 1.8 1.4 1.2

DATE ( FED) 8 9 10 11 12 13 14
-------------- ----------------------------------
SIG.Hr (M.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( FEB) 15 16 17 18 19 20 21
------------- ----------------------------- -----
SIC. HT (M.) 0.0 0.0 0.0 0.0 0.0 0.0 J.

DATE ( FEB) 22 23 24 25 26 27 28

------------------------------------------------
SIC. HT (H. ) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( FEB) 29 30 31

- ------------------------------------------------
SIG. HT (1.) 0.0 0.0 0.0

B 17



HUMBOLDT DAY BUOY (INNER)

MAR 1982

PERSISTENCE

$ CONSECUTIVE DAYS (I OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0.5 O,

1.0 O

1.5 1* 11

2.0 2, 1. 1,

2.5 2# 5,

3.0 2. 1, 1. 2, 5,

3.5 5. 4, 8. 1,

4.0 5. 5, 9. 1,

4.5 11, 9. 1.

5.0 11, 11,
5. 5 11, 11,
6. 0 11 11,

M MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR MAR 1982

SDATE ( MAR) 1 2 3 4 5 6 7

---------------------------------------------------- *-----------

SIG. HT (M.) 0.0 0.0 0,0 0.0 0.0 0.0 0.0

DATE ( MAR) 8 9 10 11 12 13 14

SIG.HT (M.) 0.0 1.5 1.6 3.1 2.7 3.3 4. 1

DATE ( MAR) 15 16 17 18 19 20 21
----- - - - -- - - - - - - - - - - - - - - - - - - - - - - - -

SIG.HT (M.) 3.7 2.5 3.3 3.0 2.6 0.0 1.4

DATE ( MAR) 22 23 24 25 26 27 28

SIG.HT (M.) 2.2 2.2 2.3 2.0 3.4 3. 1 3. 1

DATE ( MAR) 29 30 31

--------------------------------------------------------------------------------
SIQ.HT (M.) 3.7 4.6 3. 1

I
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-uIOLDT BAY BUOY (INNER)

APR 1982

PERSISTENCE
CONSECUrIVE DAYS (I OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0. 5 0.
1. 0 1. 1,
1. 5 2. 2, 2,

2. 0 3, 1, a,

2. 5 1. 11 4, 2, 11,

3. 0 1. 9. 2. 11.
3. 5 1, 10, 3, 12,

4. 0 1, 10, 16,

4. 5 1. 27,

- 5. 0 30.

5. 5 30,
6.0 30,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR APR 1982F
DATE ( APR) 1 2 3 4 5 6 7

SIG. HT (M.) 2.3 4.9 4.9 2.4 2.7 2.9 2.1

DATE ( APR) 8 9 10 11 12 13 14

SIG. HT (M.) 1.0 1.4 1.7 2.9 2.7 3.4 4.1

DATE ( APR) 15 16 17 18 19 20 21

SIG.HT (M.) 3. 1 2.3 1.6 3.5 3.1 1.3 1.1

"DATE ( APR) 22 23 24 25 26 27 28'

SIGHT (M.) 1.8 1.7 1.8 1.7 1.4 0.9 2.3
-"

DATE ( APR) 29 30 31
-----------------------------------------------------------------------
SIG. HT (M.) 2.4 2.2 0.0
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HUMBOLDT BAY BUOY (INNER)
MAY 1982

PERSISTENCE
CONSECUTIVE DAYS (I OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0.5 O,
1.0 1, 1.
1. 5 1. 5.
2.0 2. 1o 8. 1, 1
2.5 2, 2. 8. 3, 1. 4.
3.0 2, 13, 4, 1, 4,
3.5 3, 20 6,
4. 0 31,
4. 5 31,
5. 0 31,
5. 5 31,
6. 0 31,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR MAY 1982

DATE (MAY) 1 2 3 4 5 6 7

SIG.HT (M.) 1.5 1.5 3.3 3.5 2.9 1.8 2.5

DATE (MAY) 8 9 10 11 12 13 14

SIG.HT (M.) 2.9 1.9 1.9 1.9 1. 1 1.1 0.8

DATE ( MAY) 15 16 17 18 19 20 21

SIG.HT (M.) 1.2 0.9 2.8 3.1 2.6 1.6 2.1

DATE ( MAY) 22 23 24 25 26 27 20

SIG.HT (M.) 2. 1 3.0 2.4 4.0 3.3 3.2 2.4

DATE ( MAY) 29 30 31

SIG.HT (M.) 2.4 2.0 1.6
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HUMBOLDT COAST GUARD
NOV 1981

PERSISTENCE

CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0 5 3, 3. 4,

1.0 13,
1. 5 13,
2.0 13,
2. 5 13,

3.0 13,
3.5 13,
4.0 13,
4. 5 13,
5.0 13,
5. 5 13,
6.0 13,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR NOV 1981

DATE ( NOV) 1 2 3 4 5 6 7

SIG.HT (M.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( NOV) 8 9 10 11 12 13 14

SIG. HT (1.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

F
DATE ( NOV) 15 16 17 18 19 20 21

SIG.HT (M.) 0.0 0.0 0.0 0.3 0.4 0.3 0.6

DATE ( NOV) 22 23 24 25 26 27 28

SIG. HT (M.) 0.6 0.3 0.3 0.5 0.5 0.3 0.4

DATE ( NOV) 29 30 31

SI G. HT (M.) 0.4 0. 4 0.0
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HUMBOLDT COAST GUARD
DEC 1981

PERSISTENCE
CONSECUTIVE DAYS (I OR MORE) SIGNIFICANT

* WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0.5 23, 7,
1.0 31,
1.5 31,
2.0 31,
2.5 31.
3.0 31,
3.5 31,
4.0 31,
4.5 31,
5.0 31.
5.5 31.
6.0 31,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR DEC 1981

DATE ( DEC) 1 2 3 4 5 6 7
SIG.HT (M.) 0.4 0.4 0.4 0.5 0.4 0.4 0.4

DATE ( DEC) 8 9 10 11 12 13 14

SIG.HT (M.) 0.3 0.3 0.2 0.3 0.4 0.5 0.5

DATE ( DEC) 15 16 17 18 19 20 21

SIG.HT (M.) 0.4 0.1 0.4 0.3 0.3 0.4 0.2

DATE ( DEC) 22 23 24 25 26 27 28

SIG.HT (M.) 0.1 0.3 0.7 0.4 0.4 0.3 0.3

DATE ( DEC) 29 30 31

SIO. HT (M.) 0.2 0.2 0.3
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HUI'BOLDT COAST GUARD

JAN 1)E-2

PERSISTENCE
CONSECUTIVE DAYS (I OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0.5 31,
1.0 31.

1. 5 31,
2.0 31,

2. 5 31,
3.0 31,
3.5 31,
4,0 31,
4.5 31.

5.0 31,
S5.5 31,

6.0 31,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR JAN 1982

DATE (JAN) 1 2 3 4 5 6 7

SIG.HT (M.) 0.5 0.3 0.2 0.2 0.2 0.2 0.2

DATE ( JAN) a 9 10 11 12 13 14

SIG. HT (M.) 0.2 0.3 0.2 0.2 0.2 0.2 0.2

DATE ( JAN) 15 16 17 18 19 20 21

SIG.HT (M.) 0. 1 0.4 0.5 0.5 0.4 0.4 0.4

DATE ( JAN) 22 23 24 25 26 27 28

SIG. HT (M,) 0. 2 0.3 0.3 0.5 0.4 0. 5 0.4

DATE ( JAN) 29 30 31

- IG HT (M ) 0. 4 0 4 0. 3
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HUMBOLDT COAST GUARD

FEB 1982

PERSISTENCE

CONSECUTIVE DAYS (1 OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0. 5 28,
1.0 28,
1.5 28
2. 0 28,
2.5 28,
3.0 28,
3. 5 28,
4.0 28,
4.5 28,
5.0 28,
5. 5 28,
6.0 28,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR FEB 1982

DATE ( FEB) 1 2 3 4 5 6 7

SIG.HT (M.) 0.2 0.2 0.3 0.3 0.2 0.3 0.2

DATE ( FEB) 8 9 10 11 12 13 14

SIG.HT (M.) 0.2 0. 1 0. 1 0.2 0. 0.2 0.2

DATE ( FEB) 15 16 17 18 19 20 21

SIG. HT (M. ) 0.2 0.2 0.2 0.2 0. 4 0.3 0. 4

DATE C FEB) 22 23 24 25 26 27 28

SIG.HT (M.) 0.3 0.3 0.2 0. 1 0.2 0.2 0.2

DATE C FEB) 29 30 31

SIG. HT (M. ) 0. 0 0. 0 0. 0
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HUIIDt DT COAST GUARD
MAY 1 9682

PERSISTENCE

CCNECUTIVE DAYS (1 OR MCRE) SICNIFICANT

14AVE HEIGHT IS -N- METERS OR LESS

METERS DAYS

0l. 5 13,

1. 0 13,

1 5 13,
2.0 13,
2. 5 13,
3. 0 13,
3. 5 13,
4. 0 13,
4. 5 13,
5. 0 13,
5. 5 13,
6.0 13,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR MAY 1982

DATE ( MAY) 1 2 3 4 5 6 7

SIG. HT (M.) 0.3 0.1 0.3 0.3 0.4 0.4 0.2

DATE (MAY) 8 9 10 11 12 13 14

SIGHT (M.) 0.3 0.4 0.5 0. 1 0.2 0.0 0.0

DATE ( MAY) 15 16 17 18 19 20 21

SIG. HT (M. 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( MAY) 22 23 24 25 26 27 28

SIG HT (M. 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DATE ( MAY) 29 30 31

SIG HT (M. ) 0. 0 0. 0 0. 0
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HUMBOLDT COAST GUARD
APR 1982

PERS I STENCE
CONSECUTIVE DAYS (I OR MORE) SIGNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0. 5 30,
1.0 30,
1. 5 30,
2.0 30,
2.5 30,
3.0 30,
3. 5 30,
4.0 30,
4.5 30,
5.0 30,
5.5 30,
6.0 30,

MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR APR 1982

DATE ( APR) 1 2 3 4 5 6 7

SIG.HT (M.) 0.4 0.2 0.2 0.2 0.2 0.2 0.2

DATE ( APR) 8 9 10 11 12 13 14

SIG.HT (M.) 0. 1 0.2 0.1 0. 1 0.2 0.2 0.2

DATE ( APR) 15 16 17 18 19 20 21

SIG.HT (M.) 0.2 0. 1 0.2 0.2 0. 1 0.2 0.3

DATE ( APR) 22 23 24 25 26 27 28

SIG. HT (M. ) 0. 4 0.2 0.4 0.2 0.3 0.2 0. 4

DATE ( APR) 29 30 31

SIG. (T CM. ) 0. 3 0. 3 0. 0
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HUMBOLDT COAST GUARD
MAR 1982

PERSISTENCE

CONSECUTIVE DAYS (I OR MORE) SICNIFICANT

WAVE HEIGHT IS -N- METERS OR LESS

METERS DAYS
0 5 12, ill 6,
1. 0 31,
1.5 31,
2.0 31,
2.5 31,
3.0 31,
3.5 31,
4.0 31,
4.5 31,
5.0 31,
5.5 31,
6.0 31.

--MAXIMUM DAILY SIGNIFICANT WAVE HEIGHT FOR MAR 1982

DATE ( MAR) 1 2 3 4 5 6 7

SIG.HT (M.) 0.4 0.5 0.3 0 1 0.2 0.2 0.2

DATE ( MAR) B 9 10 11 12 13 14

SIG. HT (M. ) 0.3 0.2 0.2 0.4 0.4 0.8 0.5

DATE ( MAR) 15 16 17 18 19 20 21

SIG. HT (H ) 0. 3 0. 4 0. 4 0. 4 0 4 0. 2 0. 2

DATE ( MAR) 22 23 24 25 26 27 28

SIG. HT (M) 0.3 0 3 0 3 0.5 0.5 0.4 0.4

DATE ( hAR) 29 :i0 31

SIG HT (M. 0 5 02 0.2
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TABLL 19

HUMBOLDT BAY BUOY (INNER) MAR-DEC 1980

CUMULATIVE HEIGHT PROBABILITIES

HEIGHT PROBABILITY OCCURRENCE
(CM) (HRS)

" 295 0. 1236 1083
285 0.1453 1272
275 0.1693 1482
265 0. 1921 1682
255 0.2377 2082
245 0.2713 2376
235 0.3217 2818
225 0.3649 3196
215 0.4106 3596
205 0.4562 3996
195 0.4982 4364
185 0.5534 4847
175 0.5954 5216
165 0.6387 5594
155 0.6819 5973
145 0.7395 6477
135 0.7791 6825
125 0.8223 7203
115 0.8523 7466
105 0. 9004 7887
95 0.9220 8076
85 0. 9424 6255
75 0.9712 8507

65 0.980 8654
55 0.9964 6728
45 0.9989 8749
35 0. 9986 8749
25 0 9988 8749
15 0.9988 8749
5 0.9988 8749

CUMULATIVE PEAK PERIOD PROBABILITIES
PERIOD PROBABILITY OCCURRENCE

(SEC) (HRS)
22+ 0.0048 42
20 0.0094 73
17 0.0276 241
15 0.0760 673
13 0. 1849 1619
11 0.3782 3312
9 0.7071 6194
7 0.9520 8339
5 0.9988 0749

I -28



TABLL 20

HUNBOLDT BAY BUOY(OUTER) MAR-APR 1900

CUMULATIVE HEIGHT PROBABILITIES

HEIGHT PROBABILITY OCCURRENCE
(CM) (HRS)
295 0.3333 2919
285 0.4222 3698
275 0.5333 4671
265 0.6000 5255
255 0.6667 5839
245 0.6667 5839
235 0.7333 6423
225 0.7333 6423
215 0.7556 6618
205 0.7779 6813
195 0.8222 7202
185 0.8222 7202
175 0.8444 7397
165 0.8667 7591
155 0.18667 7591
145 0.9111 7981
135 0.9333 8175
125 0.9556 2370
115 0.9556 8370
105 0.9776 8565
95 0.9779 8565
85 0.9770 8565
75 0.9770 8565
65 0.9778 8565
55 0. 9778 8565
45 0.9778 8565
35 0.9778 8565
25 0.9Y7B 8565
15 0.9778 8565
5 0.9778 8565

CUMULATIVE PEAK PERIOD PROBABILITIES
PERIOD PROBABILITY OCCURRENCE

(SEC) (HRS)
22+ 0. 0000 <12
20 0.0000 <12
17 0.0667 503
15 0.1778 1557
13 0.5111 4477
11 0,6000 5255
9 0.60FI9 6034
7 0.9333 8175
5 0. 9770 8565
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TACLE 2.

HUMBOLDT BAY BUOY(INNER) JAN-NOV 1961

CUMULATIVE HEIGHT PROBABILITIES

HEIGHT PROBABILITY OCCURRENCE
(CM) (HRS)
900 0.0000 <12
870 0.0000 <12
840 0.0000 <12
810 0.0000 <12

780 0.0000 <12

750 0.0000 <12

720 0.0018 15

690 0.0018 15
660 0.00ts 15

630 0.0016 15

600 0.0018 15

570 0.0018 15

540 0.0027 23

510 0.0053 46

480 0.0062 54

450 0.0133 116

420 0.0283 247

390 0.0469 410

360 0.0760 666

330 0.1061 929

300 0.1574 1376

270 0.2219 1944

240 0.3271 2865

210 0.4500 3942

180 0.611 5359

150 0.7675 6722

120 0.86798 7706

90 0.9841 8620

60 0.9991 8752

30 0.9991 8752

CUMULATIVE PEAK PERIOD PROBABILITIES

PERIOD PROBABILITY OCCURRENCE

(SEC) (HRS)

22+ 0.0000 <12

20 0.0062 54

17 0.0407 356

15 0.0937 821

13 0.2042 1789

11 0.3820 3345

9 0.7065 618-9
7 0.9496 8310

5 0.9991 8752

B
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TABLE 23.

HUMBOLDT DAY BUOY(OUTER) JAN-JUN 1981

CUMULATIVE HEIGHT PROBABILITIES

HEIGHT PROBABILITY OCCURRENCE
(CM 

(HRS)
4'900 0.0000 <12
870 0.0000 <12
840 0.0000 (12
810 0.0000 (12
780 0.0000 (12
750 0.0000 <12
720 0.0000 (12
690 0.0000 <12
660 0.0034 29
630 0.0034 29600 0.0068 

59
570 0.0102 89
540 0.0137 119510 0.0239 209
480 0.0307 269
450 0.0751 657
420 0.1092 956
390 0.1741 1524
360 0.2662 2332
330 0.3345 2929
300 0.4164 3647
270 0.5119 4484
240 0.6075 5321210 0.6962 6099
180 0.7850 6876
150 0.8464 7414
120 0.9352 8191
90 0.9966 8730
60 0.9966 8730
30 0.9966 8730

CUMULATIVE PEAK PERIOD PROBABILITIES
PERIOD PROBABILITY OCCURRENCE

(SEC) 
(HRS)

22+ 0.0034 29
20 0.0171 149
17 0.0853 747
15 0.1980 1734
13 0.3652 3199
11 0.6519 5710
9 0.8396 7354
7 0.9693 8490
5 0.9966 8730

li-St
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TABLE 2.13 AVERAGE Annual HEIGHT-PFRICD-DIRFCTION rRE(cUEy DIsTRIBUTION (PERCENT)
1

SWELL AVERAGE TOTAL HOUR5 ,

DIR. NNW N1W WN' W WSW SW
-T -T : 2  .. . , - -

T, 6 811214 1b18 6 8 10'1214 1 16 $1 ll l6 e 6t8 01214'16 1 ' L 0114'11 6 8 1
N 3  ~81 12 16 1 , 8 lc'211 162 I11

8 C 812,14 16 is, 10 2 14116 8, + 8 10 1+1224 16 16118 + 8K0  12 1J
1-2.9 26 .. -o.. -q, -SK,8 ... 'f- 1

3-4.9 .6A /1 7' 5 -9-7 4 ~.0-2 9 ' 2& 4 ;4' I/ 6l 
9

1 b9 ; 0 59'' 2,'.

5-6.9 4,5 P6 03' n 6201.01 .02.26' I1f12810qI.5,0/102 57/9/ 427;07, !.70! 352 141 1.0 /? 6 of
7-8.9 --.003?f 9' 4 '107, 0 ~1 7fi.10 024A 0 '31 o~ '3., 1-

fl
. .. . . ...- -...~.- 4,---.,- .o-r _- __- ____ ,__ - - -

! 0701% ,702 121 0,

11-12.9 !.02..f /-. 5 -- 14 1,21 / : 'A o2 7!, 0

13-1k.9 - 2i 4-.02a.A -/0 14 /0 - . - 5'

15-16.9 0 i/050I 5 ' oI 0.? !.02
YJ .0'05. 502 02,02 002 02 0

19-20.9 .07 I 07 02021. 01

21-22.9 0. 02 o2 --2 - -

25-26 .9 . . . . . . . . 1. . . . .

27.4

fp - 6-1o'/01 /6,4'qJ,, 5/ 044.A9I0Ai0'396~2 25 9WO51/ P.19 60 '14 '4 60 6 1' 1 t 'm 92 2

SEA

DIR. N NNW hW WNW W *S M SW

8 - - - 7 ' - " - - " --7.112 8'1 1T46 1024' 68 10 12 4, 61 810C12 4 6 81I012 4 'l C1 ~6801
1! ,1210 1 C+ 12, +1 6 ,8 10 12 + 61 8 10 , 12 l+6 8 12 4,IC 12 + 6 8 10,1' + 6 +I 2 6 l' + 6 1 2, +1 6' 8 1012'

1-2.9t -fo n< .*- 2 4

3-4.9 sA . 4-o
=q1 6 ,d1 67 4,.! )2,

5-6.9 '4 'el I. 04' .44 Q .041

7 -8. 9 22.2/14 52 1 ' ~C 00

9-10.9 '1 P.. 14y01 'IA~4
11-12.9 '6 9' / l ' 2.

13-14.9 .2" 5 2 I 09' I , I

_ _ _'_- + - ' - + - - " - -i 4- -l P - • + + - +

15-16.9 . 02 ' i 0., [ i
1 7 -1 , .9 - - . . . + + + t - i - - . . . +--. . i - , - -

1+ 0 44

2 Inluds wa~s f 0to 0.9 feet

/-
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ST

HEI3HT-PERI0'D-DIRECTION FREQUENCY DISTRIBUTION (PERCENT) 1  
STATION 2 (1956,1957,1958)

1F WSW SW SSW S SSE

.- 9 Iz.g F 2 118
4- 16 18 61 8110 12 14. 16 18i 6 6 14 101 14 16!18 6 81 1214 16 18 6 810 12 14 16 18 6 11 0112 14116118

- 6 1 .6 , 1 6 8, I 12[8 10 I"
]~~ +81121.114-1121168+ 810 12 1411181+ *112.8 is 102416 18 +' 8121161 IS

12 ===q 1 - = 2 140 012 .09 ,,!, 6 .1 1 M 27.

.7Z~~ ~ ~ ~ i 17m.74 1o0i 158

0 ,2 7f .02 1 9,T 47 mo2 '6 =5 J.-- - --

02 ,vlf I 4 .27 .07 , 4' 02 L 2 16.69

0:' 01,,53 5o 3 0 o,, /5,17505 222 8071 102 021~a o4301

0, q~0021 020107 ).02 /6
-'5' 0! ' 14 .' ., 1 2'1.'07

' I . - - .6

o,±< xi11 adt~~x x 0z 1 X!zzzz .010;02 2 02 0 .48

OZJ0 li02 2 __ _v _ .2I0. I I II .2

.04

w SWSSW S SSE1 8I-]F 10'121 4 1 C 81
121 4 6 s10 12' 8 4.6 T 8 , 6'-ST 12 4 6 8 I0 2 4 6 8 10 12 CFFSHORE CAly.

2

6 8 ic 121+ 6 810 121 6 8 10 12+ 6 8 10121+ 61 810 12' 6, 8 1012 +

-tq 2 5707 -- fl 14 "0l44 46- _ 206
* .I ; I ,.f-. I " 0 ' Z

r2,2202 7i792

I 3 . . . . i .. 228 _ +

,ii;.-; , 2:;; 9 : 'q 40 240

4-I
7 5 z/ 258

-07. .86~jff 4 ~ JJ'I6j9 ~

5, 4A 0202 7
'2 ~ ~ ~ ~ ~ ~ ~ 0 ,'1 ,_ ____ __ d 2t,~ .L 2 26 59 /00



ROSE I%Occv"@, 9 ,e)

6ISTOGRAM (%Occof.,,ct.")

SCALE

N
NNW
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Mot-2
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FIGURE: 5

AVERAGE ANNUAL SWELL ROSE FOR STATION 2
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SCALE
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I S S ?ii SSE

NNW NS

NNNW

3 35 79 1 15 19
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APPENDIX C

WIND DATA STATISTICS and SUMMARY

for

HUMBOLDT BAY AREA
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SUMMARY OF COMBINED WIND DATA

FROM
EUREKA WEATHER STATION

/'ND
HUMBOLDT BAY POWER PLANT

DIRECTION WIND SPEED (Miles per Hour PEPCENrT MEAN tii'D
1-3 4-5 16-3! 32-47 UF

ti (t PE(FH:,

N 1.7 15.5 5.0 - * 2 .

1.6 4.9 0.7 - 7. 9.?

E 2.0 3.7 70 - .7

SE 2.7 8.4 2.0 o- 13.1

S 1.7 8.5 2.8 - 13.

S 1. 1 .9 . E .9 s .t , 1 2 . - 1 ". '>

W 1.8 5-7 O1(.J - 7.13.

NW 1.9 11.4 1.1 - 14. .

CALM - - -

TOTAL 15.2 67.C; 13. 4 0.0 1 .,

rota! Number of Obsevcatzori 81,12

Data Compiled from reco'ds cbtirner {lr.£:E-k. .!i :o,
U. S. Weather Bureau Station dLtY 1939 to .e.,. iml .-i

Hunmboidt Bay Power P1 ant WE:-ath ;< St-ti w . Jn.r'r' - ,

Decenber 1967.
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TABLE I . FE;R3CENT F i':5L';.7CY of 1,1I;rt 5 O Of I 1 Y; OT 0; . jRE

Fbn Aug i O t o e77Av crage Rec
Sttinba k l ar L, TOp: -- 1 -j- re R

A , 6.5 8.2 8.0 7.7 8.3 7.6 3.4 3.0 2.7 3.2 4.2 5.1 5.7 12
ArcL.,. 4.2 6.9 6.3 6.6 7.8 5.(, 2.6 1.7 1.9 2.0 3.0 3.2 4.2 12
B ,,rS c d :L -. 6.9 1.6 1.5 1.9 2.3 1.8 0.3 0.3 0.3 0.3 0.5 0.7 1.0 12
b8.a I, AP*i 4.1 4.5 3.0 2.2 0.9 1.8 0.4 0.7 1.2 2.8 2.9 3.9 2.4 7

8.2 2.0 3.8 :..0 0.6 0.5 0.8 0.6 0.9 3.6 9.9 6.7 3.2 4

101'th I.1 F.2 10.7 6.86 6.9 6. .4 3.6 2.1 2.1. 6.3 6.2 6.0 7
8urb. :,F 1.3 2.5 1.7 2.0 0.7 0 0 0 0 0.5 1.4 1.7 1.0 12
C ,t1, " 3.3 4.7 3.7 3.9 2.9 3.2 1.2 0.6 0.6 2.0 1.4 2.9 2.5 12
Cf.LCO 8.7 14.1 11.7 11.6 12.4 9.4 1.6 1.6 5.4 6.6 7.7 5.4 8.0 4

- China . ,,ke 9.6 12.6 18.7 1'1.3 17.5 15.5 10.2 10.3 8.6 9.2 7.8 7.9 12.3 12

Crescent City 20.7 11.7 15.9 13.0 17.4 12.2 9.7 4.1 4.8 5.8 8.1 0.5 11.2 6
Crows Landing 2.3 1.5 2.1 1.2 1.5 1.0 0.1 0.1 0.1 1.8 1.3 1.4 1.2 7
Daggett 9.9 13.3 25.5 25.9 32.5 29.2 15.3 10.5 10.1 8.2 7.8 7.5 16.3 12
Edwards AF3 8.6 8.9 15.6 17.5 20.0 19.8 12.0 10.3 8.2 6.0 6.8 7.5 11.8 12
El Centro 6.2 8.1 13.3 15.7 18.1 16.1 4.3 4.0 4.6 5.5 6.1 4.8 8.9 12

El Toro 1.4 1.9 1.2 0.9 0.5 0.1 0 0.1 0.1 0.3 2.4 2.4 0.9 12
Fall River Mills 2.3 2.3 3.2 2.0 1.8 1.3 0.2 0.3 0.6 1.4 1.4 2.5 1.6 10
Fallon 1.5 2.9 4.0 4.1 2.7 1.8 0.7 0.4 0.6 1.6 0.9 1.9 1.9 12
Fort Brag, 5.4 8.1 7.1 5.6 3.6 2.4 1.2 1.0 2.2 1.0 2.0 3.4 3.6 3
Fort Ord 0.2 0.3 1.3 1.8 1.4 0.7 0.4 0.3 0.3 0.4 0.3 0.2 0.6 6

- Fiesno AT 0.6 0.6 1.1 1.3 0.9 0.8 0.1 0 0.2 0.4 0.2 0.3 0.5 12
G- r ;,,, 7.1 9.7 13.1 13.9 13.2 10.4 5.9 6.6 4.4 4.7 6.1 6.3 8.5 13
Hwri11ton AFHI 2.6 3.6 2.4 2.3 2.0 1.6 0.4 0.6 0.7 2.1 2.0 3.2 2.0 12
Holli:;trr 2.3 1.5 2.1 1.2 1.5 1.0 0.1 0.1 0.1 1.8 1.3 1.4 1.2 7
Eolti 1 i. 1.5 3.6 2.8 3.8 2.3 2.6 3.6 2.8 0.9 3.1 2.0 1.5 2.4 12

Irepe ,I 11-ch 2.9 2.5 1.3 1.8 1.0 0.9 0.5 0.3 0.3 0.4 1.9 1.3 1.3 10
I-; V ,g.s 6.3 11.0 14.2 15.4 15.8 13.7 9.2 8.4 7.7 7.6 5.6 6.3 10.1 12

1.6 2.0 3.3 3.6 3.4 3.8 1.2 1.2 1.0 1.2 1.5 1.0 2.1 9
It i : orIc 2.5 2.3 2.2 1.9 1.6 1.8 0.3 0.1 0.4 1.7 1.1 1.4 1.5 9
loi"j Peach 0.8 1. U 1.5 1.7 1.0 0.3 0.1 0.3 0.3 0.4 1.3 1.1 0.9 12

Lqz AIaIiiton 1.7 1.9 2.5 1.8 1.4 0.3 0 0 0.2 0.2 2.3 2.2 1.2 12
Loz LnIjele AP 1.5 3.0 2.8 2.8 1.7 0.3 0.1 0.1 0.2 0.6 1.2 1.7 1.3 12
-M -r. .F'il 0.8 0.9 0.9 0.9 0.5 0.5 0.4 0.4 0.3 0.4 0.9 0.9 0.6 12
"-t'..r AFB 8.9 8.5 5.9 3.7 2.2 2.3 1.1 0.6 0.6 2.5 3.5 6.7 3.9 12
M:1,ln AFB 6.3 7.4 6.2 3.9 4.2 3.5 1.0 1.3 0.6 3.3 4.0 6.7 4.1 11

M .A' ,f d 3.3 2.9 2.7 2.6 2.1 1.7 1.1 1.0 0.7 0.9 1.6 1.6 1.9 12
:, .: 0.6 0.4 0.8 0.6 0 0 0 0 0 0.1 0.5 0.5 0.3 12

Vo flitt Fiild 4.1 5.2 3.3 4.1 4.4 6.0 3.6 2.6 2.0 1.9 2.1 3.9 3.6 12
10.1 9.6 19.6 30.0 21.3 29.4 16.9 11.2 11.7 14.2 10.8 5.8 15.9 3

<. 1' . e 11.6 6.3 9.4 8.7 4.7 4.2 4.0 3.2 1.7 5.7 9.4 6.8 6.3 5

•cu; t,'ey 1.1 1.8 1.5 2.3 2.0 0.5 0.2 0.3 0.2 0.5 0.9 2.5 1.2 12
;;, I, -. 8.0 10.] 10.2 9.1 8.4 7.1 3.5 3.8 3.2 5.9 8.9 6.3 7.2 7
t. 1! A'0 4.6 7.3 11.3 10.8 9.6 7.2 4.3 4.5 4.0 5.1 5.2 3.6 6.5 12
1. i ,. 9i'1 1.7 3.5 2.1 0.8 0.6 0.t 0.1 0.1 0.4 0.'1 1.9 2.1 1.2 12
° O ',> A.' 2.6 4.6 4.5 4.9 5.4 3.9 1.5 1.4 1.2 2.2 2.3 2.7 3.1 12

cc- 4.6 1.4 3.2 2.0 1.9 0.3 0 0.2 0.4 0.8 1.2 3.8 1.7 5
t 3.3 2.9 2.9 G0.9 1.0 0.1 0.1 0.1 0.7 0 4.2 1.9 1.5 4

cl.:. 4.0 3.3 2.4 2.1 1.8 0.4 0 0.1 0.1 0.6 3.2 5.9 2.0 13
- 'l ,, ! r" - 2.6 3.7 6.8 14.9 16.9 17.1 9.6 5.) 5.2 3.1 J.7 0.8 7.4 4

: 1. 8.7 8.5 15.7 14.7 15.8 15.1 8.4 6.9 4.5 5.1 7.2 8.4 9.9 7

2.3 2.9 4.6 6.5 10.3 17.7 11.8 8.8 5.0 2.6 2.0 3.0 6.0 7
I , irtt i L 1111 3.8 5.5 8.3 9.4 e.2 1.6 0.7 0.4 .7 2.9 3.0 3.0 4.0 7
o1 nt 1. 12.1 10.8 9.7 7.0 6.6 2.3 1.1 1.0 1.0 3.0 11.4 1.1 6.9 12
V,, t It. 1 1.6 2.0 3.3 3.6 3.4 3.8 0.8p 0.6 0.7 1.2 1.5 1 .0 2.0 9
P., 1 10.6 12.4 11.0 6. 6.q 4.R 1.8 1.4 4.0 7.2 7.7 7.V. 7.1 12

1- I .1. 12.7 10.9 8.'- 6.5 5.1 1.7 1.4 4.2 7.0 6.9 7.9 7.0 12
1..,? 7.2 6.8N 8.'

,  
7.4 7.1 6.1 4.4 4.S 3.0 4.5 4.1 5.0 5.7 12

8.3 9.4 1.1 5.4 5.2 (.1 3.8 7.2 2.7 4.8 4.5 ?.- 5.7 13
2.1 2.1 '. 0.5 0.2 0.7 0 0 . 0 0.7 1.8 4.1 1.2 7

,I I 1.0 '.' 11.I .' 5. ..i 0.1 0.6 0.9 1.2 6.9 5.6 4.8 5
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.i'
_TABLE 3

EXTREME ANNUAL WIND SPEED
FASTEST MILE, 1871-1978

_(mph)

V)

(D CL 0
4 .0

0 C0 E .-47 .
0 E

5 1 U) F

>0 330 1. 0 to O

1 1871

1872 30
1873 30 38
1874 19 27
1875 27 40

1876 30 36
1877 57 32
1878 22 37 32 47 33 36
1879 24 41 32 26 33 30
1880 22 47 32 29 36 27

1881 37 34 27 29 30 34
1882 38 32 29 30 30 31-
1883 34 31 30 27 30 35
1884 32 38 30 27 37 2'

1885 30 35 30 21 30 38

1886 30 40 35 30 35 35
1887 34 30 36 32 30 30 33
1888 31 26 27 36 38 30 33 3/-
1889 35 24 21 35 34 30 31 3
1890 34 22 21 38 34 25 30 31

1891 32 25 24 41 32 25 40 38
1892 40 25 21 38 38 22 49 35
1893 32 24 24 30 36 28 39 35
1894 37 28 25 37 47 29 33 43-
1895 35 24 22 32 38 22 36 37

1896 38 31 21 34 38 29 35 32-
1897 36 27 28 30 35 29 37 30
1898 35 27 21 3) 34 27 36 31,
1899 32 27 25 70 34 38 27 39 3'
1900 35 22 20 62 30 41 25 40 2"1-

Corrected to true wind speed.
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TABLE 3 (cont)
EXTREME ANNUAL WIND SPEED
FASTEST MILE, 1871-1978

(mph)

Ti) C) cl

I TI C I)

,4 0 C.0C1-I ,O o r '- 4-i 0 u )

r . E- -4 1m
, -i • ) -~ -6 I

vi A EE 4
4 )) 0 4 U)

1901. 32 24 21 69 37 47 47 52
1902 i7 w0 25 66 32 49 49 35
1905' 55 30 22 69 30 32 35 54190I 8 54 31 50 54 35 51 40 31
19)5 58 56 28 50 61. 0 35 35 32

1906 36 59 110 30 57 52 47 41 52 33
1907 6 50 22 28 60 27 40 35 35 33
1908 38 46 21 52 60 12 37 31 29 50 32
1909 58 52 25 28 64 28 45 38 40 34 30
1910 36 5350 32 56 51 36 50 31 29 32

1911 37 27 1! 66 C4 32 44 32 36 30 3 5
1912 55 50 54 57 68 27 47 38 40 50 32
1913 35 30 ;1 57 C6 50 40 35 35 50 32
191" 46 32 30 68 '72 27 38 56 76 55 29
1915 46 55 50 68 84 29 115 45 42 58 32

1916 55 L1 34 70 80 27 43 40 45 40 57 52
.917 55 28 29 70 77 26 47 39 35 43 37 37

1918 40 31 31 68 65 27 39 32 34 35 30 32
1919 35 30 24 68 65 30 40 58 32 51 30 341920 52 4 29 70 69 40 32 30 730 30

1921 38 70 75 76 35 43 40 52 47 35 33
iC92" 39 29 2 64 52 46 58 41 37 35 33

,' 37 3t 30 59 52 41 32 29 52 26 34
1'4 74 0 25 64 30 38 32 34 35 30 29

P 25 8 27 22 57 27 37 27 31 33 30 35
10K '6 28 30 73 31 41 32 30 41 30 30
1 97 52 P5 6 2C) 410 41 31 36 52 30
I1 6 29 24 27 39 52 26 42 .50 31

29 0 21 27 410 -3 26 38 30 40
19",0 59 30 21 25 38 37 1 32 34 30

CovrIfctncl to tr,J w.irn A:jc(l
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TABLE 3 (cont)
EXTREME ANNUAL WIND SPEED
FASTEST MILE, 1871-1978

(mph)

0a. u
0) C4

< 44 4 4j 0
w1 14-4 44 C 0f N

v c 0 m cn It 0 L c a >
1.) S4 42

0 0. S4 v2 a U C C C
-5 L, a. 0 0 ) 4) IV) (a 0 0

1931 42 33 24 36 31 30 33 35
1932 37 32 28 30 58 28 40 34 -

1933 30 30 25 35 34 32 30 35
1934 31 25 23 29 24 30 30
1935 30 32 23 30 30 29 41 35

1936 34 30 25 38 35 31 34 32
1937 38 31 23 36 29 28 31 29
1938 35 35 26 41 46 34 38 34
1939 35 40 30 57 42 32 34 34 30
1940 34 26 33 44 40 34 33 34 29

1941 35 35 36 49 36 37 36 39 29
1942 37 31 36 45 36 35 34 34 31
1943 40 30 43 63 34 33 44 35 29
1944 37 34 35 44 35 37 30 35 30 -

1945 35 32 38 46 37 36 36 32 36 33

1946 38 35 48 48 38 34 33 31 40 3 -

1947 34 31 34 45 39 29 27 31 38 34

Records before 1931 corrected to "true" windspeed.

(Table 3 continued on rext page)

C-8



T;JR. k; 5
811. 's' it; 3'NO'7

(W -i-W Ir -J
Y-c JAN Eta" MAR APP may JUll" JUL. AUG S f(1 0311 I IU 33T 01 'OlAL

A's.>.'28 - ,4 !ISEW55 501544 'A 35.- 3; .\4i4 3 5531!4 1 62 5 . 2

B-', Al; 1 31 116 _5416 4432 3634 Yi 15 313853128 S5,.3( 41. S 4.6415 51 19 5, i9 58
C'.,p kea31ct,= 4 _-.L AS 39JW. 37' 443 " TWAIW 2.3

1
W .16W - 2 4 Sf2', td 3u SE3 : W34 YW 44.

Cp a W 0 . 6 W L A 1 ... _ . 6 i ' d. 2 1 VZ W 67 S d- _ 52 p S jWSWI 14 P A - b S 59 W 4, 51 S 6. d4 71Cast I- 1613 20 .7 5] Cd _5f,5 T: 49 304.d 45 t.NL3 0 d.J_4J %
7
.NlQ 1..d...21 11,4, 42 1.., 33. .. 33 34 -W S .2:Y .. _..' 34331'>t,4-.

E1.Czro. .1U-IL.1 2 d& S'd 56. SL...5B VL-2 all-" W. 1. 3 ;1 - 38 'aK.. YU. 5 WSW4.. 58
El Toro _.22 iF 5 IX&_d K 1 53 SS"L6. h%--48 WKS..3 I Md7 SSE. K__ _0, E,,--- 5 \13.,,, E_ - M _E- 65
-Frt Ord 11 L34_i4 13-39 $9 J 1INW45274- L sk 9 L3

3
W Igu ,;s,'cz 5

4
__4L WAlE swA 4 S3Lai~.

Ct-Mg~kA3T _...23 .5.5...2S.j...4 2.1 ZC74, 516 3...5y 93 1. L 1-534. 7HpmU ~ ~ ~ ~ ~ ~ ~ ~ ~~3 '&U- WW.23 J3.. .. .J3~-. 4r~ 4L2 ~L.15.6 OL 6 --1 5 - 53 SMLt -_ 75
Irn.'r&1.k~h . ~ ~45 jf C___k ?34 ~~ -e l S-7 _3 _Z8 -6 3 -3.4 W - _-5 S _4 VW- . 51

L'oore.3 .3 ifCd43 1.8 hZWti?. 25.J ~i33 N..2644 A 3 3 SZE 3 -.4 - _.3
10',s All;#tqs 233j 3w4 _g.J. WSL p14_ 7 ~ lgkj: E3? 2 5 11 21 _S -.26' 4 39 2l- ENE .ER
Lnl Andelea 5243 11j 543 4 2 N _5 wk _5 W2 wj3 Sd 23 549 03 N

*~S5 _*ELJ_2J '3.514k.1 L.A 39 3339 W _4 tq 4 f2,;' 49
3). i163fi15.5 6 5_62 .U -D, ZV43 TV- 41 _54.3 24.,. SSE.3 3SE. .66lE 6

Ce A..3 E-a 15 60 S2 66 0S5 ;L.3 -4-.4 _59~~ 0 513 73 SSE- SS 565 SIE 64
l ~ o f f ~ t i e d , , ~ 7 . _ _4kL q 4 S 5L. 1 ,A 3 5 5I M ;& .4 95 3 J I 3 9. 3 S E f 4 4SF

lSzfcL.."i351 ....... 3..ZLM _56 NE 465S - Aj .4 63 EW-E 23A _ LC A;w 3 -§ 2 3SW _41 §.' 6

SotQ'aE3a... -27 t.'. 30 NlA 55. Q4,42 W.443 834. W S E 39 55142 45 604 435d.7N 5 t.2 E 9

__ 4 S_- __E
Woint. Yhkta 1 2W 4S 15 58 _52 4 5-_ 3 6,7 38 58L -_74 s;7, 94z

hhte~onti,2 18 8 7_ 46 5 . 72 56245 44 4 3 4 W 7033' 5! S 5 W 4db 8
;,-- dla 3330 d 11. NW_1,_6 44546435 347 265' 26 E r-1. 2633 304_ - 45 33. _47

TABLE 6 f5 ~ ' _5 _ _
Sa-q'aA- 3D .1:-, ~j " 53 _04 42 F ASES L MILEC.C28S14_ ' - IL

~iteo -ti 1 2 W_4 52 5 58 5 49 56L 46 -6 3 8 56 6 W 7

.2653..m 343 1,34 5 6W367 .34 3 2 i.351.2 53. 46 ?7XE 2926 30I

78163 S 6 47E353 13 7322237_20 3 33 SE ('3 ' 483 44.

S.,, rafwe; 28 2,__31 29,."' 3, 3C' 29 W ' 52 3_54 1 29 25 6 31. 451.3 35 7 5 .3- 34 17 3 21 7
Rihp 1, 5 5 8 ' 6 46S 753 428 548 56j. 66.53 80

19 ( 4 _63 - 20 41 48'z 033 45 09 32 077

]- &,h 8 ' 3 I-4' 36 3, 29 4, 327 3,- 13327 7...18 2 3 , 7.- 70 44 _ 0'1
I's 'l, reS 213 -2 32E -'33 3 4.8 732~ ~3. A5W 3,7 392 _ A

28 56 52 )6 6 7 2 (412 t 5

-1~~~~~~~~~~~~~ -9ul 3 ; E6 l 4 7. 90 3.62_4,3_,I



&NlUAL FASTLST MIL.L IN MIL1. CE 330Uli

YearS Fi
.1 ght

Snord Latit e tud ee MPH .10

Bakersfield 30 35 25 119 03 4'7 20 34 41 44 4IC, 60 4
Blue Canyon 22 39 17 120 42 5,2d0 20 49 69 " 3 7 8 , 90 /1

Eureka 31 40 48 124 10 43 88 43 52 56 59 62 56 SW
Farallon- 7 37 42 123 03 30 53 59 61 63 65 51 S
Fresno 31 36 46 119 43 328 20 33 39 42 44 46 43 1;W

Las Vegas 64 IT
Long Beach 20 33 49 118 09 34 20 33 40 43 45 47 14 W
LOS Angeles 29 34 02 118 14 257 104 45 5. 59 61 63 62 31
Medford 30 42 22 122 52 1,298 20 37 47 51 54 57 55 S1.1
Mt. Tamalpais-

/  
22 37 56 122 35 2,586 64 72 71, 71 7) 70 ?:9

Oakland 31 37 44 122 12 6 20 39 47 51 53 56 50 34

Point Reyesb
/  

16 38 00 123 01 510 69 79 84 87 91 84 1i.
Red Bluff 31 40 09 122 15 342 20 50 61 65 67 77 6P1 sc
Redding-

/  
9 40 35 122 21 560 37 42 44 46 47 42 SF

Reno 28 39 30 119 47 4,404 20 56 69 75 79 82 80 Si

Sacramento EAP 31 38 31 121 30 17 20 43 59 66 7u 75 70 S
San Diego 31 32 44 117 10 13 37 33 40 43 45 47 47 SE
San Francisco AP 28 37 37 122 23 5 20 45 55 59 62 61 60 SE
Sai Francisco FOB 25 37 47 122 25 52 132 31 45 49 "1 53 47

San JoseP/ 23 37 20 121 54 95 32 36 38 39 40 38 SE

Sandberg 29 34 45 118 44 4,517 30 66 82 90 96 101 97 N.

Santa Maria 17 34 54 120 27 236 24 36 44 47 50 52 46
Stockton 31 37 54 121 15 22 20 34 41 44 47 49 46 SL
Yuma 31 32 40 114 36 194 20 44 54 513 61 63 60

a/ Based on 1948 to 1978 data except where noted.

b/ Based on older records which have Ienea corrected.
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APPENDIX D

PLATES from PREVIOUS

U.S. CORPS of ENGINEERS REPORTS

at

BUHNE POINT/KING SALMON AREA



REFERENCE PiATER IAL
FROM~

U. S. ARMY CORPS OF~ ENGINEERS
REPORTS

Engi.-'a - v were used to obtair a bzknroundJ on tht.-

CIICra~f. surface and subSUr4ac, - oils. and trzdir ~ s; trirrL

system along the~ sh-o-F betvicE-i F~el ds Landinc' Ch-AnnLt t L

BUIlsne Fon. The Cor'p' ' pr ,ou. report E -Ers>

Point)" fu-ns!-ted ro-t of th ' - 1D data redzd tc- fn-.!rutt

olur Si Un StUd y . SUr facr- and subsurface nltr- 4

irvit atici carried out byV the Corpn for their " r~e:r

Mericirrn'?in Ms. I Hurbol dt Harbor and Bay" tct pa:-arya- -

s L r ,tackgrur'- n''ave t-I-

bay r: he v: cii~ty of !--.~ pi w - Cbtai r.dr fr-c.:ti

&'P-znd~'d to tI,' , r('7)crt w:?re c'-,red +ro" thc- CorpE ' r- _

and ore~ LuY2e to give thr= reader a better undprstarndir :;f

bottv!- irrterials .4 i ths bay and thz Er-oin th,-,t n L.

taker, pl a::- vith-in thE- P L.'nt area cur irng the past *1 i ve

dec~dps.
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APPENDIX E

CONCEPTUAL PLANS of ALTERNATE DESIGNS

at

BUHNE SPIT AREA



iOO' B3EACH

250' BE ACH

2.5 1.

350 250 ----- z --- __ 50 I0O

50

6 TON STONE\

BEDDING STONE7 SECTION C- C

TOP OF ROCK RUBBLE -MOUND

4.0 TON Nom. 8BREAKWATER4 ELEoV 7.0 itL. L W. 7
COMPACT EARTH 10' OKRI A __

OR 1.5

SAND DIKE CORE Tp

~* *(o O. 0 ot 0 0. 0.400 300 200 100 O

2 3EDN LAYER 12TNTERC
2'BDIG SECTION A-A L6X2EASIEPROFILE SECTION

400 LF. OFFSHORE BREAKWATER

ROCK RUBBLE
TOE SCOUR PROTECT. TOP Of GROIN ANTICIPATED FUTURE (DESIGN) APPROX. ALIGN. --
AT END OF PILE WALLS IF ROCK RUBBLE BEACH FILL ELEVATION OF GROIN

TOP IF PILES- _15 PROPOSED BY
U~SC-E. ON A A

-T 
-10 OCT. 19$6

+1 3.511400 L-F.
GROIN

2 ANTICIPATED
I Aq0..0 FUTURE

STABLE
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DEPARTrMENT OF TH5 ARMY
SAN FRANCISCO ISrRICT, CORPS OF ENGI.4EERS

SAN 211 MAIN STREET

SAN FRANCISCO, CALIFORNIA 94105

April 25, 1983

Constructi on-Operations Div.

'Ir. Co.urge Armstrong
Department of Boating & Waterways
1629 S. Street
Sacramento, California 95814

Dear Mr. Armstrong:

This is to confirm the Buhne Point Deiaonstrdtion Project Steering
Committce Meeting to be held at the Humboldt Bay Harbor Recreation and
Conservation District Office on 3 May 1933 at 1:00 PM.

Prelimindry plans, schedules and cost estimates for Phase I (H -
pile with wood lagging groin parallel to Fields Landing Channel from
the souLhw.emst end of Buhne Point Road near the intersection of Halibut
Avenue .nd a smaller offshore structure north of the spit); Phase II
(olacom1en7 of dredged fill material in the area formed by the two struc-
tures;)a(d proposed model studies of the project area. Additional items
to be discussed are the lands, ease: -ints and rights-of-way for project con-
struction; maintenance agreement for the erosion phase of project; schedule
and cost estimates for ies ign/construction of D'uhne Point Road; and coordin-

ation with Coastal Zone Commission and Regional Water Quality Control Board.

The following persons have been invited to attend this meeting:

DCve Eyres Federal Highway Administration
1c, Sm-ith Federal Highway Adwinistration
Jack Alderson Humboldt Bay Harbor

Recreation and Conservation District
Guy Kulstad County of Humboldt
Don Tuttle County of Humboldt
George Armstrong California Deprrtment of Boating and

Waterways
Ed Weeks Pacific Gas and Electric Company
Mrs. Scott King Salr'on Area Residents
OXn Spensor Los Anh;,1es Di strict, Corps of !nginuers
Ja(k Farless San Francisco District, Corps of Engineers
Jack McKellar Eureka Project Office, S.F. Di . rict, Corps of Lnqrs.

Sincerely,

C i ief , Plannilng/Ungi eriny I) vision
(II :, ,,e l ii sh..,o y/d Iiliru i~

L.I Pt., S.W.
e , r.,i n' m , [P. C. 20t,(h



DZZPARTMENT OFTrHE ARMYpO,>IC' OF TFI HIEF OF FMT'4FLRl
WASI40TON. LD.C. 20314

Fr rank Torkelson, Interim Director
Departnent of Boating and Waterway3
State of' California - Re30urces Agency
162 'S Street

-- S.cramento, Ciiiifornia 95814-7291

~r r. Tork~els5on:

I am re:3ponding,, to your letter of February 23, 1933, in~ which
you p'-ovided a status of your agency's planning efforts for the Buhne
Spit shore protection project.

Tho &in Francisco Ditriot has buan given the load role for
devclopc.ent and construction o,' th ;horc protcection at. Buhne Point..
Colonel Ed LuSan Francisco Di;tr Lct J,(.i~is th, o)v'icafl

uaurfor the project. 11ce Vill (210.3e d Cc cordinai~on at all
leve1 z; - Federal, stoit,, locail.

ln connectto,: with th,_ bun ch rio nraSan ~0 ~ c
Dint riet will do nedirieat ;anplinK; to dnunf~tho bc;;t ar(--- to
position a hydrauilic cuttc-racad drcd~r;a to onable the coa-rser saonds to
be puniped directly on thu be-ach. Pl ane and specifications for the
bcach ro-plenishnient will be prepared, airid we anticipate a contract
aw.!, xl arly this fail.

I oippreciate youi, int-!res't in our drcdgin., prog;raif, and
pa: Liculariy your int'-e:,;f. .ina dre2'u,,,d tuilas a bea: !Vicial

leerc.Cob'~!! Lee and hi;L Ct3(f ou conitinue to cordiatu
dir2ctly with you on L.a~ir ufiorts at, Huhna Point.

Joh!! F.' V J1
a* ( xi, U. S. Army

lJ-c~o C, k Ci v i I io



.. raj. Gen. John F. 4all
!)ir-ctor of Civil Wo1r(S
D)epartment oi the Army
Office of the Chief oF 2 n'-near3
.. ashingtan. D. C. 20314

Jpyto Attarntion oC' WSIIC-D

5UVc:Buhne Point Dredge Spoil Arzes, Nuzlboldt Day, California

flaT Ceneral Wall:

'. apriate your crii:.!ration arid -ti::'y ^r )lazin' : ' i yoi 1
.. ,i.te Buhrn-- Poir~t 7Thot area. At th rL ~ n i., ic~r~~,n
K ~:ati -aij 1!3 vi-ay: (Cal '23atin: ) :,i in thti nriiay0

-f a SIAOr-P70oteCtiTIn )rOj,--ct For the [;,uhne ~~t rct. '

-- Iae sev'-r-lI aito- nanwv' ill s fo r th: r- jc '!' ic2 rv
-i systeri. Thi g roins will provent sinds fro-i t: LUl u> l IoLat
';a liri t rported inato zhai 1i.lds Landinge Ch rni >f i1' v
'',1>c1'-iC Cas arid FI-3ctric Cowny (:'r T) cooling~ :vn.rita%, chann 4

(Fishor-man's ChannelI). Prints of thtd conemptual pl~ans ni. cost LVstituAs

'Ai.- ",uhne Palnt/Kin_ Salmon Shore Prot--ction Projocet if.cli~di
-- t'otinj'Ss' 1933-'14 -~Iudt. W~e haw- srifficimrt r.d for co--

.:ion; or the stiructures h.r no Etulds allocat~d tM3i yv :i for -mrd ritl
-' ::ovde the prot-:ctiv-3 !)each withli t'ie groin poc%3' 1:2t hv

Sthat the Cor-ps o4' Fnyinars iwoulJ l 0qpO31t s-.d-'5 moilhin
Ctii .)roj~ct area ovtr a period oF sev~ral y:!.tr~, !sro';' llxi sand 'ii

0: orot-ctiv;s beach. Plan A, enclris-d would roqtii.., c it,
WJO),)O0 cubic yards oF sand MI. Thi otha-r at~rt"~ri '~i

i t 2 sa-me riu.It1:y of saind.

L.; 0 '07 .. ; t' 0-7-)j~;: I. - r'
inv-: i t) *h. ;:'K;I A t"
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: .;r Chanal, ia4tlydownbay of tha projuct .- a. Thi5 method
.oujba an alternativa to duLpina the n'aterial in cquict watcors and
~t>igthe sand to the site by use of a hydraulic cuttcrha~d dredge.

C .! :otinj used tli:" -ethod ;tcctssFu11y cn the Ala'-' d ! : ach Th nouriah-
zj c, oapPtitad la. t fall.

Cal Foating will be vary, interested in the cost of sa-i and method of
t,-1livery to the Buhna Spit project site. If you have any questions

a 'out the shore-protaction project, please contact Gaeorge* Armstrong,
suoe-rwi sor, Beach Erosion Branch, at (916) 445-8349.

Sincerely,

FRANKC TORKELSON
Interim Director

icjurea

c-.: Mr. J. Robert .(Iisit.on :w/,ncls.

UV;CF., Solith Paci Jic Div.

t~ol. Gary Lorl, OiLLrrct E~~ /l~~

U',Cii San Fmxcl,;o Lditrict

r. Jack Aldersoni
l'uihboldt Bay H(arbor, :1acrs-ation

anid Conservat ion bi ;Itrict



Fehor'..ary 18, 19S3

ay Trent
if,-:t-ent of Traniportatiori

.. ;d L:c~ Departmait , !100T. 6320
400 -7th St., SouthWest

suA-12CT: Buhns Point Shors Prot.3ction ProJect, King Salmon,
11himboldt Bay, California

iL'ar .,r. Trent*

1:;closad are copies of the conceptual plans and cost e-- tizat-ss far the
;unne Point project. The various plans are desi,-ned to .-nterrceot sand
-1hich would be transported do"n bay toward the PilsLandin-; Channel
:oJ stabsequently find its way into the rGZ,E- cooling otrintake chiannel

(s~eran'sChannel). The plans also provide a "groin poc%2t" to trip
Io 'ttto--al transport and with time boiAld a wide protective beach.

)0roposed projects -. ill rt-create Bu1.-ta Spit to It-; apro-c ~ a
i 95S. Sand fill is not inclu~led iia the cost ctrt~ al

*vJr17U tt that tha U. S. Ar---y Carps o' nnen~i ui h.

*.~-tcntwill be coorlin-iting the 11roj ect tlsign ra ill local,
'-n fedearal a ei l ~ will 5c-nd youl a1 copy) o)F oo'I fca~ibii-Y

--' Z <, iwn cooDnlI3t -,c. Th ) concl-oral i,-n w ill v ix a'n

stnIn,, of the -scone oF the 2jtan-1 !;ow 1it will fit iiitO ynur
rs ;ojtct. Otur projtct c-an be coid-r!!,l "Phasc! I" oF sn ua-

~-it (1-7-1o, ent on "kihri ")lIt.

,7yo-i have any further qlue loris al'otit otr propose-i proj sct, i 1ensI3
. 7rcoe to contact (2.nr:-a Irsrn~ urlcr ihEo;o -in

21LL sro

...................

-A-Ci



February 17, 1933

LvnDo Tuttle
N-ituxal. R--sou~ca DiVis iOn
L'3Partment of Public W'orkC5
County of Eluboldt
1106 Second Streat
E~ureka, California 93331-0579

SUMjECT: Buhna Point Slhornt Protaction Projact, Kin,; Salmon,
Hum~boldt County

c',)3* i.:timat~s AfO, thiy P'A.na llint pintO ct to 1),i iUii

* vii! frid --o it i i raft copy of the feasib~tity r' 7jo

U~ you need '-.1Y or'.-r plates frona t'1"- ;';isibility r"-pOrt for

L~po.-Ai~or, neazh Erniiun '3,-anch, n'()( A334?

Sinac ere ly,

11 LL . XTO#, Cx.~

po*'~ F-cltcslvso

!!
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DZPARMENT 2 0F-,. APAY

WASHINGf0O.. D.C. 20314

1-D Art , dloM OF.

Ns. Marty Mercado

Department of BoatinZ and Waterways
State of California-Resources Agency
1629 S Street
S soroeto, California 95314

owar Mr. tercado-

This is in further response to your letter of October 2, 1982,
lo Lieutenant Genral J. K. Bratton, Chief of Engineers, regarding the

hihn Point dredged natcrial disposal area.

Th- Corps a:;r.,v:A t.h&. effor'ts should be made to ut.ilize dradged
S..in. for bo-ch repin,2nh.n at BN.fnp P'oint. The area in qestion

a:n a disposal alto for new+ cinstruction dredging of Field:.; Lan&n6
Cho*.- which w:s anoplish.l in the 1930'n. The sidi uant, which war.

fin. sand and sliat, vi; placed hydr,'o l y in a io lnd area ar.d
KyjL reL

V)t of thi >. IA-t: presently h:ppr Vc'dj'I fro:p thi Fi(lS
I' rL - and North Ki , Channels tnd to b finsr, r nm Li3 fro s'Cn Iy
010.is to ilts and cla'ys vn, th rarore, may nt, by suitable for bw:ua&

r'-;=cnrhne at. However, mdnt:s romovd frai t);o wid:dLe ground, at
IK, riqt (d of th- entranoe ch".nnnl, ar' colr.S sandn:;, and ;ho:ld be
2-.l for bere r, 'shent. Two rcuiLrc'rnntn; for u:;- of Lhese.

:mjia at Buhnes Pit are a groin syt.,..n to pre'vent ;;u1 transon! into
Ki.in:; Lnding Chn'l and equipment to t.ranmr!'r th- sand to the

Drt,.,Lf r )[ thr , ( '1dln , )iq!d bi b ty hippe

, '. C', . Thr'o P B r ; C05 ,p',r drln-n avtil(u fr thh.;
prt~j n:t whtich '- hiv a' di ro"n

"  
p tprt (c ya+:bili ty. B-. iiA: , V> nn,;n, ',

V , . .....',' 'r' , co" A 3, d -'. (tin ;, o'h r lyp":; of'

0,1 W L," uhil i- , at th " 10" in'. In or ' K :v i. , . " y l,
' 1. cl < 1 , . t ;" I. i t ,h ' ,- " ( ' t

.' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ' ' .. .. i + l t. , r q t. .:
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The Corp,; i:; 'I I nrOof' the, crO-; 1On probluran; at Buhrie Point
-nr L-rj potcnAzI 01i'i o cn-osion control, recreoation and idy

; b I -it cdevcIOP:1ft tnit a 1bj_-ah rcplcni3V.Lnent progranl. Th,- ",,n

Fr_'ciLc~co Dintrict. in- prene.-tly de-velopn:, CO3t analysis entif.mate 3 for
h-o Li repleni!;hnant from tho pot~ntial source3 mentioned above. The.

En~gin-tr will pro-.ide th iejL, c.;timate!3 to you in:;uen an the

fi--~iized.

c\i all
ajo General, U. S. Army
irector of Civil Works



DEPARTMENT OF PUBLIC VWRK!,
COU NTY OF HUIABOLDT

MAII WN A00PITS. 1 106 '-CEONO 5TRV.CT. E,11RFKA. UA 9SQ0i~10479
AREA CODE 707

VP:ce-ber 24, 1982

Nr. George Armstrong
California Department of Boating and Waterways
1629 "S" Street
Sacroirento, CA 95814

REG:,iR G: Buhne Point Shore Protection Project, King Salmon,
Humboldt Bay, Environmental Document

Dar 11-. rmstrong:

!Incla.w is a copy of til preliminary environmental document for the
Kplo- Pomint project.

Yint,id to reviMs th docu ent (after the draft feasibil ity study is

-'it 0 us) to include a discussion of the sub-alternatives to the
( i- irub)le-wound breakwaiter project. We will revise the docu en to
iclu i any additionail ii'ycts. if any, and correlate the alternative
coe-,rction project tiLles.

Ihe ducu, nt is double-spaced for pjurposei of making any commenLn,
oddit 59%, corrections you find aro necesary.

lho;E t) hoar from you af ter January I

(j<7 -_

, T '- 2.- C' A[LLL
,'ll , < IIt! rI, hi lll !' 1 0

** *'t II



..... D AF A~Z L.,..C"-.LV IR.Ic CP.AO ' . TY.0

, " P[Ati Ikt I - ',A': I ANrI,t(, CAt;F O)r. IA91IO (411.) 8 2 11 I"Y 9!0 372 G 81

December 3, 1982

!r. Din Tuttle
Duprm.venL of Public Works
1105 Second Street
Euruka, CA 95501

Subject: [lui6oldt Bay Bathymetry Survey

Dear P0n

Me,, rind enclosed1 the Ba th) mtry profiles we discussed on the phone.
I trpe hay will fe oF U( to you.

Sh,v. beon inforrcwd that o- contrdotor ha% completd our seawall and
that your section Mhild h- rm plated by Stuid'y. I plan to fly up to
f .k. nxt wepek to tk a look at tho w0ll d:l hope to sue you ,ot that
LA

If I (an b of any farther help or wish to discuss th, enclosed data,
pI..,e c ll r'e t (415) 181-401, extension 2i521.

Sincerely,

-C fF Y A EN



zty;ercad-o, Director
S tof Loatin., and i!;---wy.-

S-t- of California Resource:; P.:ency
S7 Street

cra , CA 958 14-7291

,:I 1 etter of 1c'ir C, 2 to, 1.i~in n 1.' r 1

~ i'~ Kjci~ \'c~ r 1 u, 'o:.,L i ~.. r .
.C 11 f,.- i

t



HIUMBOLDT BAY
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OCT 2 2 1982

'njo-r General Joseo1h K. Bratton
.3o flEn~insers
--tmnn OZ the AZny

:hi~gton, D.C. 20312

JECT: Bohne Point Dredge Spoil Area, Humboldt Bay, Cali~o~-nia

I GnerI BRmtton:

.7i Stato of California's "Policy for Shoreline Erosion Protvction"
7r-')jj:j'jtd n Saptzomber 14, 1973 by thd Secretary of floso-irces junder

Iit, Plannin7 wid R3.mdiations, Subsection C stinulate3:

"i-:7ach and dune sand, and fiinilar sad(iment lying I rivn r beds,
c3tuirias or in harbor chamuie1s is a valuaiblo resourcQ that should
ho ixed for shorelLi5 protection. It is, thern~ore, tlho policy
of the Rasource-t A!ncy that all such dre-3ge or cxc3v:2t101 n-aterial

cvdwithin he coastal zonie or n -r-3shor-N %wtcr7, Wlich ;I
-'iiitable In quantlty, Si~e, dl3trilwitii, and che-iicnl cotItitue,2Y

1 Uircctly ('it: -i l3~n )~hi.: nr c 1' O

,jnifica:nt nazurai s 7ojrccas !id t blic ':- -' iii
rcovrces at thon', locations; or

. nen b'-achi nuri,.Lnent Is not n r- or n' ,nrn t le
tim" of rdi, the 3and shaia,i" ti -o'sit.t aibrt mn
Ifnr ovenual ti;i F.-'r h1seich n~rTanpo~.Izmtsidtnb
locations are avaiklj zii L:t s ar3 ta:ien !:.- :rn--cio
sinificant natmnl -."sourcri t:-ei iulblic us; ot
1J5iO-IC',3 at those Locations; o-

3. in thosev in~tncrs q! ,e- w.:nitz', Ltiu n,
cor.tin'cy of~ 11,- (!d, o: Qx--vi:ion 'Itonal IL-n'iItS uJe
za lescri. v-t iai'r wi.ih nn~i1 two. the ~ ~"~ -:~~

ci"''*'Etr,



.i- ..,- 3r-tton: -2-

.nainL navigatic, i!ts and channols adjacent to such boaches,
Secreta=y daeei3 such acticn to be in the public intest and

.i-n naymant of the increased cost thereof abov the cost z-aequired
- :.Istrnativ3 =ethods nE .lszashn3 of such sand."

-uhne Point area, on 1unboldt DJay, Califo--ia, was built from
previous Corps of Engineers' channel maintenance dredgLvng _%oils in
th' late 1930's. This dredge spoil sand fill lasted for over 40 years.

S 5tats of California requests, under the provisions of PL 94-S87,
*.n'd in confor-ance with "The Policy for Shoreline Protection", that

!o Cr-gs of Engineers place channel maintenance and/or new work dredled5aJOn -he Buhnie Point Spit area. It i3 believed that placement of
Son Shne Spit will be loss costly than the present u:ethod of

. oent at sea. The State also requests that a deterDi;nation of
e- b o if tha placonant of sand an 3uhuie Spit is r-iors costly.

Sz'te would consider contributions to a_3< up the dierence in

;:i-_--a' discussions betwuen *4r. George Arnstrong, Supervisor, Beach
--n !;-ranch of this epartment and the Dpartaent oi' F7isi auid

. , u -'th Coast Rijo ;hcer Quality Control Board an-It StZ o
(':i.-ttl Com-'ussion !naica-:-es Chat the nro os ed dre'! ipoil projuct

.--int does na3 :Mvr, ;Lly ua*or ivon-nentil ).. s.

Zincerely,

Director

ac. Jak Alderson
Gr. G Kulstad

E, if.. Cen. Ijaner h Io: +itone
('(I. (;at'y Lord



SECTION 2

PHASE 11 BASIS FOR DESIGN



Buhne Point Shoreline Erosion Demonstration
Project, Phase II, Humboldt Bay

Basis For Design

1. Phase I Timber Groin. The Phase I timber groin was designed by Humboldt
County with soil design values provided by the Los Angeles District Corps of
Engineers. The design values are based upon soil investigation conducted in
June 1983 and are given In Table 4 of the inclosed foundation report. The
total length of the timber groin would be 1,250 feet. It would begin at the
existing stone riprap along Buhne Drive at coordinates N 519,204.06 and
E 1,385,293.08. From eta. 0+00 to eta. 10+00, the timber groin would have a
direction north 32 degrees vest, generally paralleling the existing Fields
Landing channel. From eta 10+00 to eta 12+50, the timber groin enters a
circular curve of 600 feet radius and central angle of 57 degress, 17 minutes,
and 45 seconds. A 200-foot long rubble mound head (sta 12+00 to sta 14+00)
would be provided to protect the seaward end of the timber groin. A 6-foot-
wide, 5-foot high stone toe protection structure consisting of one-ton stone
and quarry waste would be placed along the downcoast (south) side of the
timber groin to prevent scouring of the toe. A filter fabric on the upcoast
(north) side would be provided to prevent the phase II sandfill from passing
through voids in the timber groin.

2. The primary function of the timber groin is to stabilize the phase II
sandfill and prevent it from being transported downcoast into the Fields
Landing Channel by the predominant downcoast drift. The downcoast drift Is
caused by the diffracted deep water wave trains approaching through the
entrance channel and tidal current in the bay. The length of the timber groin
is based upon the amount of structure that can be constructed with the State
Department of Boating and Waterways budgeted funds of $495,000. The objective
is to build the longest groin possible with the available funds for
stabilizing the phase II sandfill.

3. Soils Investigation. Soils investigations were conducted in July 1983 to
determine the extent, distribution, and physical properties of the foundation
and borrow area materials for the proposed alignments of the timber and stone
groin and stone slope protection and fill off Buhne Point in Humboldt Bay,
California. Detailed information of the borrow materials and foundation
conditions were obtained in order to provide a sound basis for the design of
the proposed structures. The inclosed report describes the soils and soil
properties, soil explorations, field survey and laboratory testing, analysis
of data, soil design values, and discusses some of the design and construction
considerations(Incl 1).

4. Phase II Sandfill. The phase II sandfill was designed to temporarily
restore the spit at Buhne Point and provide protection for Buhne Drive and
underground utilities. A borrow area about 4,000 feet long and 400 feet wide
adjacent to the North Bay Channel of Humboldt Bay wil. be dredged to a project
depth of minus 35 feet mean lower low water (NLLW) and will provide about



600,000 cubic yards of materials for the sandfill. A 2 feet over-depth is
allowed for the dredging.

5. The materials in the borrow area consist predominantly of loose to very
dense, fine to medium grained sands with shells. For the sands, the percent of
the material by weight passing the No. 4 sieve varies from 98 to 100 percent'
the percent passing the No. 10 sieve varies from 92 to 100 percent, and the
percent passing the No. 200 sieve varies from I to 6 percent. Approximately
90 percent of the material in the borrow area will be sand. The remainder
consists of silt or clay material.

6. The materials at Buhne Point consist of layered heterogeneous soils

extending to a depth greater than 60 feet. The upper layer, varying In
thickness from 9 feet near shore to 20 feet, consists of gravelly sands and
sands with shells. The percent of the material by weight passing the No.4
sieve varies from 64 to 100 percent~and the percent of the material by weight
passing the No. 200 sieve varies from I to 9 percent.

The second layer, varying in thickness from 8 to 14 feet, consists of plastic
sandy silts and sandy clays. The percent by weight passing the No. 4 sieve
varies from 95 to 100 percent, and the percent by weight passing the No. 200
sieve varies from 56 to 81 percent. The third layer occurs below elevations

ranging from -32 to -35.5 feet NLLW and consists of dense silty sands and
medium to fine sands. One hundred percent of the material by weight passes
the No. 4 sieve. The percent of the material by weight passing the No. 200
sieve varies from 5 to 21 percent.

7. The material In the borrow area would be excavated by hydraulic dredging
and could be placed from the upcoast end to the downcoast end of the timber
groin until the required amount of material has been dredged. The average
pumping distance from the borrow area to the sandfill is approximately 1.2
miles. To minimize erosion the crest elevation of the sandfill would be plus
15 feet MLLW, and the material would be spread out during the phase III
project to plus 12 feet NLLW. The seaward construction slope of the sandfill
would be 1 vertical on 10 horizontal, and it is estimated that the equilibruim
slope would be 1 vertical on 15 horizontal. The construction slope of the
sandfill at the timber groin would be 1 vertical on 3 horizontal which Is
approximately the angle of repose for the dredged material. The elevation of
the sandfill at the timber groin would be about plus 11 feet MLIW.

8. Model Study. Tidal currents and wave-induced currents are the major
contributors to the erosion problem at Buhne Point. Since there Is no
guidance for the design of engineering structures for such areas where wave-
induced and tidal current interaction is significant, a series of model
studies are proposed to evaluate alternative plans required for the
alleviation of shoreline erosion. A 1:100-scale physical model of central
Humboldt Day is proposed to determine the wave climate (angle of the wave
front) and will include the entrance to Humboldt Day, the central portion of

the Day, the Buhne Point area, and approximately 18,000 linear feet of
shoreline inside the Bay. A range of significant wave periods and heights
will be generated through the jetties (from the Pacific Ocean) for various

2



directions and still-water levels (SWL's) both with and without tidal flow
conditions to determine the wave climate in the vicinity of the problem area.

A 1:50-scale physical model of Buhne Point is proposed to determine the causes
of erosion at the point and the effectiveness of various improvemnt
structures under various wave and tidal current conditions. A curved wave
generator capable of reproducing a variable height wave front (as determined
in the 1:100-scale model of central Humboldt Bay) will be used to generate
test waves for various SWL's both with and without tidal flow conditions. A
1:50-scale model is required since wave breaking and sediment transport are
important in the area, and scale effects become significant for scales greater
than approximately 1:50.

A two-dimensional hydrodynamic tidal circulation numerical model is proposed
to determine the tidal current field in central Humboldt Bay and adjacent
Buhne Point. Maximum flood and ebb tidal current velocities will be
determined and used in both the 1:100-scale physical model of central Humboldt
Bay and the 1:50-scale physical model of Buhne Point.

A three-dimensional sediment transport numerical model of Humboldt Bay is
proposed to determine the impacts of the proposed Buhne Point structures on
adjacent areas in the Bay. It will determine if the proposed structures would
produce or result in erosion problems at other locations not included in the
physical model or shoaling problems in the navigation channels.

In su ry, the two physical hydraulic models and two numerical models would
determine the effectiveness of engineering structures to alleviate erosion
problems at Buhne Point, Humbdolt Bay, California. The final solution
required to protect the project, based on the hydraulic model tests results,
will be incorporated into the Phase III project.

Prepared by

Los Angeles District

February 1984

3
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PHASE II FOUN DATION REPORT



HUMBOLDT BAY, CALIFORNIA

FOUNDATION PORT

FOR

BUHNE POINT

SHORELINE EROSION DEMONSTRATION PROJECT

PHASE II, HUMBOLDT BAY

U.S. ARMY ENGINEER DISTRICT,

LOS ANGELES

CORPS OF ENGINEERS

AUGUST 1983



FOUNDATION REPORT

FOR

BURNE POINT

SHORELINE EROSION DEMONSTRATION PROJECT

PHASE II, HUMBOLDT

1. PURPOSE AND SCOPE.

Soils Investigations were conducted to determine the extent, distribution and

physical p'ope-ties of the foundation and borrow area materials for the proposed

alignments of the timber and stone groin and stone slope protection and fill off

Buhne Point in Humboldt Bay, California. Detailed information of the borrow

materials and foundation conditions were obtained in order to provide a sound basis

fcr the design of the proposed structures. The report describes the soils and soils

properties, the soils exploration, field and laboratory testing, analysis of data,

soil design values, and discusses some design and construction considerations.

2. SITE DESCRIPTION.

The proposed project is located off Buhne Point in Humboldt Bay, California.

The site is a tidal mud flat varying in elevation from +1 to -4 feet MLLW. The site

is normally covered by water and is exposed only during low tide. See plate 1 for

location of project.

3. PROJECT FEATURES.

The proposed project consists of a timber groin 1250 feet in length, a stone

groin 150 feet in length fron the end of the timber groin, approximately 600,000

cubic yards of sand fill and stone slope protection. See plate 1 for location and

typical section of pr-..pct features.

Mob.m m m



4. FIELD INVESTIGATIONS.

Geotechnical investigations consisted of drilling holes with a barge mounted,

4 inch diameter rotary wash drill rig along the proposed alignment of the gzoin in

the fill area and in the borrow area. See plate 1 and 2 for location of drill

holes. Representative disturbed samples were obtained at 9-foot intervals for

classification tests. Undisturbed samples along the proposed alignment of the groin

were obtained with a drive Sampler at depths below 30 feet in TH 83-3 thru 5 and

with a 3-inch diameter Shelby tube sampler in TH 83-1 thru 3 to obtain samples for

detailed laboratory testing. The bo-ings by general location and depths are

sumarized in the table 1.

TABLE 1

EXPLORATION SUMMARY

LOCATION HOLE NO. DEPTHS (Ft.)

Groin TH 83-1 thru 5 22 to 65.5

Fill Slope Area TH 83-7 thru 11 11.5 to 21.5

Borrow Area TH83-6, 8 thru 10 15 to 28.5

5. FIELD TESTS AND RESULTS.

a. Standard Penetration Tests.

Standard Penetration Tests were performed in all the test holes. The test

consists of driving a sampling spoon, having an Inside diameter of' 1-3/8 inches and

an outside diameter of 2 Inches, with a 140-pound hammer falling from a height of

30 inches. The sampling spoon is seated 6 inches and the penetration resistance is

recorded as the number of blows required to drive the sampler one additional foot.

2



b. Drive Sampler.

Density samples were obtained using a Drive Sampler and submerged hammer

along the proposed groin alignment. The sampler which has an inside diameter of 2.0

Inches and an outside diameter of 2.5 inches consists of a solid spoon which

contains four 3-inch long brass rings having an inside diameter of 1.91 inches and

an outside diameter of 2.0 inches and a 6-inch waste barrel. The hammer was dropped

from a height of 18 inches and has a weight of 376 pounds. The driving resistance

was measu-ed as the number of blows by the submerged hammer to drive the sampler one

foot after seating the sampler 6-inches.

6. LABORATORY TESTS AND RESULTS.

a. Testing Methods.

Representative disturhed and undisturbed samples were sent to the South

Pacific Division (SPD) Laboratory for testing. The testing program consisted of

unconfined comp-pssion, consolidation, density, mechanical analysis and Atterber

limits. These tests were performed in general accordance with EM 1110-2-1906

"Laboratory Soils Testing" dated 30 November 1970.

b. Test Results.

Results of classification tests are shown on the soils logs on plates 3

and 4. The results of the density tests are shown in table 2, the results of the

unconfined compression tests are shown in table 3, and the results of the

consolidation tests are shown in table 4.

son.3



TABLE 1

DENSITY TESTS

Dry
Hole Depth Soil Density Water
Number (Ft) Classification ( Pep ) (%)

83-1 14 ML 85 35

83-2 30 SP/SM 103 24

83-3 10 SP 125 13

83-3 25 CL 93 30

83-3 45 SP/SM 102 21

83-3 55 SP/SM 97 25

83-4 30 CL/ML QO 31

83-4 40 SP/SM 102 23

83-5 36 ML 106 21

83-5 46 SP /SM 101 22

TABLE 2

UNCONFINED COMPRESSION TESTS

Hole Depth Unconfined Compressive Strength
Number (Ft) (Psf)

83-1 114 720

83-2 30 1240

83-3 25 "1300

-4



TABLE I

rONSOLTDATTON TESTS

Hole Depth Initial Compression
Number (Ft) Void Ratio Index (Cc)

83-1 14 1.04¢3 0.28

83-2 30 0.679 0.155

83-3 25 0.929 0.27

7. ANALYSIS OF DATA.

a. Groin Foundation.

The foundation materials for the groin consist of laye-ed hete-ogeneous

alluvial soils extending to a depth greater than 60 feet. Interpretation of the

data contained on the soils logs indicate that there are three distinct soil layers

in the groin foundation.

The upper layer, varying in thickness from 9 feet near shore (TH 83-1) to

20 feet (TH 83-2 thru 5), consists of gravelly sands and sands with shells. The

percent of the material by weight passing the No. 4 sieve varies from 64 to 100

percent and the percent of the material by weight passing the No. 200 sieve varies

from 1 to 9 percent. The SPT penetration resistance for this layer ranged from N=2

to N=9. The laver Is approximately 20 feet thick.

The second laver consists of plastic sandy silts and sandy clays. The

percent by weight passing the No. 4 sieve varies from 95 to 100 percent and the No.

200 sieve varies f-om 56 to 81 percent. The plastic Irdex varies from 4 to 8 and

the liquid limit varies from 27 to 31. The in-situ dry density of this material

varies from 85 to 106 pcf with an average of 94 pof. The in-situ moisture content
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of this material varies from 24 to 5 percent with an average of 30 por:ert. 'he

ST penetration resistance for this layer rang"& from N=4 to N=9. The uncon>o~'d

compression strength (qu) ranged from ?20 pounds per square foot (psf) to 1300 psf

with an average of 1087 psf. The compression index varies from o.?7 to 0.?8. The

layer varies in thickness from approximately 8 feet (near shore TH 93-1 and 2 to 114

feet in TH 83-3 thru 5.

The third layer consists of silty sands and medliu to fine sands. One

hundred percent of the material, by weight passes the No. 4 sieve. The percent of

the material by weight passing the No. ?00 sieve varies from 5 to 21 percent. The

in-situ dry density of this material varies from 90 to 103 pcf with an average of

101 pof. The in-situ moisture content of this material varies from 21 percent to 30

percent with an average of 24 percent. The SPT penetration resistance for this

layer in TH 83-2 was N=60+. The California Modified Sampler driving resistance

averages 32 for the layer. The penetration and driving resistance data indicate

that the materials are dense to very dense.

b. Fill Slope Foundation.

The foundation materials for the fill slope consist of iandy silts, sondv

clays and sands with shells. The percent of the material by weight passing the No.

4 sieve varies from 98 to 100 percent and the percent of the material by weight

passing the No. 200 sieve varies from 5 to Q5 percent. For the plastic soils the

plastic index varies from 3 to 13 and the liquid limit varies from ?7 to 3r. The

ST penetration resistance for these soils ranged from N=3 to N=7.

c. Borrow Area.

The materials in the borrow area consist predominately of loose to very

dense fine to medium gralned sands with shells. For the sands the percent of the
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material by weight passing the No. 4 sieve varies from 98 to 100 percent, the No. 10

sieve varies from q2 to 100 percent, and the No. 200 sieve va-ies from I to 6

percent. The range of field gradations fo- the sands in the bo-row area are shown

in figure 1. Approximately )0 percent of the material in the borr-w area will be

sand. The remainder will he minus No. 200 material. The material in the borrow

area becomes denser with depth. The penet-ation resistance ranged from N=6 to N=16

in the upper 10 feet, from N=16 to N=35 at a depth 10 to 25 feet, and N:60 below 25

feet.

A clay layer was encountered at 19 feet in TH 83-6. TH 8-6 was located on

the eastern edge of the borrow area.

8. DESIJ VALUES.

a. Grennal.

The adopted design values are based on the results of laboratory and field

tests. Tne selected design values for the groin foundation and the fill are

present-d in table 4 and the basis for the selection follows.

TABLE 4

FTLL AND FOUNDATION, SUMMARY OF DESIGN VALUES

Elevation Unit Weight C Kw Kp
Sat

Depth (Ft.) (Pof) Degree (Psf) 'P'r' P-"

Fill +15 to-I 125 30 0 b0

Foundation

Gravelly sand -1 to -21 110 27

Silt and -lay -21 to -36 120 0 r

Silty sand -36 to -67 12c;
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b. Fill Materials.

A saturated unit weight of 0 sat=129 pcf and a shear strength of 0'-300 were

selected for the fill material. The design values were based on the material

characteristics in the borrow area and the method of placement for the materials.

c. Foundation Materials.

From an elevation of -1 to -21, a saturated unit weight of dsat=110 pcf and a

shear strength of 0=270 were selected for the gravelly sand laver. The design

values were based on the SPT results and gradation of the materials.

From an elevation of -21 to -36, a saturated unit weight of sat=120 pc and a

shear strength of c=500 psf were selected for the clay layer. The unit weight was

based on the average of the In-situ density tests and the shear strength was based

on the average of the unconfined compression test results.

From an elevation of -36 and below, a saturated unit weight of K sat=125 pcf and

a shear strength of $=350 were selected for the silty sand. The unit weight was

based on the average of the in-situ density tes t
s and the smear strength was based

on the SPT results.

9. DESIGN AND WDNSTRUCTION ONSIDERATIONS.

The following items should be considered during the design and construction of

the Buhne Point groin, stone breakwater and fill. (1) A filter system will have to

be designed for the groin to prevent the migration of material through the groin,

(2) a filter system will have to be designed to p-event the migration of material

through the stone breakwater, (3) to prevent the erosion of fill by waves and to

contain the dredged materials during placement the stone breakwater should be

constructed before placement of the fill, and (4) for estlmating purposes the total

settlement for the groin foundation is estimated to be less than 6 inches.
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